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25-5-1988 


REPORT TO THE HOUSE 
Friday, May 27, 1988 


The Standing Committee on Energy, 
Resources has the honour to present its 


Mines and 


NINTH REPORT 


In accordance with its Order of Reference of Tuesday, 
February 23, 1988, your Committee has considered Votes 
PO 2U 12150. 354. 40, 0 and. o>. under ENERGY, 
MINES AND RESOURCES in the Main Estimates for 
the fiscal year ending March 31, 1989, and reports the 
same. 


A copy of the relevant Minutes of Proceedings and 
Evidence ({ssues Nos. 43, 44, 45 and 46, which includes 
this Report) is tabled. 


Respectfully submitted, 


BARBARA SPARROW, 
Chairman. 
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RAPPORT A LA CHAMBRE 
Le vendredi 27 mai 1988 


Le Comité permanent de l|’Energie, des mines et des 
ressources a l’honneur de présenter son 


NEUVIEME RAPPORT 


Conformément a son ordre de renvoi du mardi 23 
février, 1988, votre Comité a étudié les Crédits 1, 5, 10, 
L20, 25, 30, 35, 40, 50 et 55, sous la rubrique ENERGIE, 
MINES ET RESSOURCES du Budget principal des 
dépenses pour l’année financiére le 31 mars 1989 et en 
fait rapport. 


Un exempaire des Procés-verbaux et témoignages s’y 
rapportant (fascicules n°* 43, 44, 45 et 46, qui comprend 
le présent rapport) est dépose. 


Respectueusement soumis, 


La présidente, 
BARBARA SPARROW. 


46:4 


MINUTES OF PROCEEDINGS 
WEDNESDAY, MAY 25, 1988 
(70) 
[ Text] 
The Standing Committee on Energy, Mines and 
Resources met at 3:40 o’clock p.m., in Room 371 West 


Block, this day, the Chairman, Barbara Sparrow, 
presiding. 


Members of the Committee present: Len Gustafson, 
Russell MacLellan and Barbara Sparrow. 


Acting Members present: John Parry for Lorne 
Nystrom and Stan Schellenberger for Paul Gagnon. 
In attendance: Dean Clay, Consultant; Lawrence 


Harris, Researcher. 


Appearing: The Honourable G. Merrithew, Minister 
(Forestry and Mines). 


Witnesses: From the Ministry of Forestry and Mines: 
Pierre O. Perron, Associate Deputy Minister; Stuart 
Mensforth, Assistant Deputy Minister, Finance and 
Administration; Marc Denis Everell, Assistant Deputy 
Minister, Mineral and Energy Technology Sector; D.C. 
Findlay, Director General, Continental Geoscience and 
Mineral Resources; Nancy Mitchell, Director, Coal 
Division, Mineral Policy Sector. 


The Committee resumed consideration of its Order of 
Reference dated February 23, 1988, relating to the Main 
Estimates 1988-89. (See Minutes of Proceedings and 
Evidence dated May 11, 1988, Issue No. 43). 


The Chairman called Votes 25, 30 and 35 under 
Energy, Mines and Resources. 


The Minister made an opening statement and with the 
other witnesses, answered questions. 


It was agreed,—That Votes 1 to 55 carry severally. 


ORDERED ,—That the Chairman report all Votes 
under Energy, Mines and Resources in the Main 
Estimates for the fiscal year ending March 31, 1989. 


At 5:07 o’clock p.m., the Committee adjourned to the 
call of the Chair. 


Eugene Morawski 
Clerk of the Committee 


Energy, Mines and Resources 


25-5-1988 


PROCES-VERBAL 


LE MERCREDI 25 MAI 1988 
(70) 


| Traduction] 


Le Comité permanent de l’€nergie, des mines et des 
ressources se réunit aujourd’hui a 15 h 40, dans la piéce 
371 de l’édifice de l'Ouest, sous la présidence de Barbara 
Sparrow, (présidente). 


Membres du Comité présents: Len Gustafson, Russell 
MacLellan et Barbara Sparrow. 


Membres suppléants présents: John Parry remplace 
Lorne Nystrom; Stan Schellenberger remplace Paul 
Gagnon. 


Aussi présents: Dean Clay, conseiller; Lawrence Harris, 
chargé de recherche. 


Comparait: L’honorable G. Merrithew, ministre 


(Foréts et Mines). 


Témoins: Du ministére des Foréts et Mines: Pierre-O. 
Perron, sous-ministre associé; Stuart Mensforth, sous- 
ministre adjoint, Finances et administration; Marc Denis 
Everell, sous-ministre adjoint, Secteur de la technologie et 
de l’énergie; D.C. Findlay, directeur général, Direction de 
la géologie du continent et des ressources minérales; 
Nancy Mitchell, directeur, Division du charbon, Secteur 
de la politique minérale. 


Le Comité reprend |’étude de son ordre de renvoi du 
23 février 1988 relatif au budget principal des dépenses de 
1988-1989. (Voir Procés-verbaux et témoignages du 11 
mai 1988, fascicule n° 43). 


La présidente met en délibération les crédits 25, 30 et 
35 inscrits sous la rubrique Energie, Mines et Ressources. 


Le Ministre fait une déclaration préliminaire, puis lui- 
méme et les autres temoins répondent aux questions. 


Il est convenu,—Que [7 ea e55 
respectivement adoptés. 


IL EST ORDONNE,—Qtue la présidente fasse rapport 
de tous les crédits inscrits sous la rubrique Energie, Mines 
et Ressources du Budget principal des dépenses pour 
l’exercice financier se terminant le 31 mars 1989. 


les crédits soient 


A 17 h 07, le Comité s’ajourne jusqu’a nouvelle 
convocation de la présidente. 


Le greffier du Comité 
Eugene Morawski 


25-5-1988 


EVIDENCE 

[Recorded by Electronic Apparatus| 
[ Texte] 

Wednesday, May 25, 1988 


oHOSE 


The Chairman: I call to order the Standing Committee 
on Energy, Mines and Resources. The notice of the 
meeting has been circulated. The orders of the day are 
Main Estimates 1988-89 on votes 25, 30 and 35 with the 
Mines Department. 


Appearing before the committee today, we have the 
Hon. Gerald Merrithew, Minister of State for Forestry and 
Mines. We welcome you, Mr. Minister. It is always a 
privilege to have you appear before the committee, not 
only on estimates, but also on other subjects we have been 
discussing and doing research into. Perhaps you have 
some Opening remarks, and then my colleagues and I will 
have some questions for you. 


Hon. Gerald Merrithew (Minister of State (Forestry 
and Mines)): Thank you very much, Madam Chairman. I 
have a statement to make and some people to introduce. I 
would like to take this opportunity for the sake of the 
record and for the sake of your committee to outline 
some of the changes we have made this year, which are 
therefore reflected in Main Estimates 1988-89. 


Maybe I could start off by introducing some of our 
people. With me are Dr. Pierre Perron, Associate Deputy 
Minister, Dr. Marc Denis Everell, Assistant Deputy 
Minister, Mineral and Energy Technology Sector; Stuart 
Mensforth, Assistant Deputy Minister, Finance and 
Administration, who therefore would be an expert on this 
book; Barry Lipsett, Director General, Mineral Strategy 
Branch of the Mineral Policy Sector; Chris Findlay, 
Director General, Continental Geoscience and Mineral 
Resources Branch; for questions on low-level waste, we 
have Dr. Jim McTaggart-Cowan, Director, Office of 
Environmental Affairs; and for the mapping side, we have 
Les O’Brien, Director General, Canada Centre for 
Mapping. If they are not all there, Madam Chairman, I 
am sure somebody else will be able to answer the 
questions in detail. 


Maybe I could start by reviewing the principal 
objectives for the mineral side of the Department of 
Energy, Mines and Resources, and thus place into 
perspective the main estimates, which we are to address 
today. 


Our mission is to gather, generate and transfer 
information and technology, and to contribute expertise 
and policy advice concerning the Canadian land mass, 
including our offshore areas, in minerals, metals and field 
resources. These activities are required for such purposes 
as land use management, economically and 
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TEMOIGNAGES 
[Enregistrement électronique] 
[ Traduction| 


Le mercredi 25 mai 1988 


La présidente: Je déclare la séance du Comité 
permanent de l’énergie, des mines et des ressources 
ouverte. Vous avez recu l’avis de convocation pour cette 
réunion. A Vordre du jour, l’étude du budget des 
dépenses, les crédits 25, 30 et 35 du ministére des Mines 
dans le Budget des dépenses de 1988-1989. 


Nous accueillons aujourd’hui M. Gerald Merrithew, 
ministre d’Etat des Forets et des Mines. Nous vous 
souhaitons la bienvenue, monsieur le ministre. C’est 
toujours un privilege de vous accueillir ici, au Comité, 
non seulement pour l’étude du budget des dépenses mais 
également pour toutes les autres questions qui font l’objet 
de nos débats ou de nos recherches. Vous avez peut-étre 
une déclaration a faire qprés quoi mes collégues et moi- 
méme, nous vous interrogerons. 


L’honorable Gerald Merrithew (ministre d’Etat (Foréts 
et Mines)): Merci beaucoup madame la présidente. J’ai 
une déclaration mais j’aimerais d’abord présenter mes 
collegues. Je saisis cette occasion pour dire ici 
publiquement quels changements ont été apportés au 
cours de cette année, changements dont fait état le Budget 
des dépenses de 1988-1989. 


Je pourrais peut-€tre commencer par vous présenter 
quelques hauts fonctionnaires. Je suis accompagné de M. 
Pierre Perron, sous-ministre associé; M. Marc Denis 
Everell, sous-ministre adjoint du Secteur de _ la 
technologie, des minéraux et de l’énergie; M. Stuart 
Mensforth, sous-ministre adjoint des Finances et de 
l’Administration, qui est donc un expert en la matiére; M. 
Barry Lipsett, directeur général de la stratégie minérale du 
Secteur de la politique minérale; M. Chris Findlay, 
directeur général du continent et des _ ressources 
minérales; et pour la question des déchets a faible 
radioactivité nous avons M. Jim McTaggart-Cowan, 
directeur du Bureau des affaires environnementales et du 
Centre canadien de la cartographie; le directeur général, 
M. Les O’Brien. S’ils ne sont pas tous présents, madame 
la présidente, je suis certain que quelqu’un d’autre pourra 
répondre de fagon détaillée. 


J’aimerais tout d’abord passer en revue les principaux 
objectifs du secteur minéral du ministére de l’Energie, des 
Mines et des Ressources pour ainsi placer en contexte le 
plan des dépenses sur lequel nous devons nous pencher 
aujourd’hui. 


Nous avons pour mandat de rassembler, de produire et 
de transférer des renseignements et des données 
technologiques ainsi que d’assurer des services d’experts et 
de donner des avis en matiére de politique concernant la 
masse continentale, y compris les régions extracdtiéres, les 
minéraux, les métaux et les combustibles du Canada. Ces 
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environmentally sound resource development—for 
example, it is used very largely in mineral development, 
in forestry development, agriculture, and so on—public 
safety, security and sovereignty. 


It is a department or part of a department that tends to 
touch upon the lives and activities of many, many 
activities in this country and even with our municipalities 
and our provincial governments. 


As you can appreciate, Madam Chairman, this is a very 
broad assignment. MESP activities involve all parts of the 
country, east to west, from the very top of Canada to the 
49th parallel. Obviously I cannot review today everything 
MESP involves. However, we will give the committee the 
highlights of our activities. 


There are some new structural changes this year I 
would like to let the committee know about. Our 
program has undergone significant changes in the past 
two years, resulting in a thorough restructuring of all the 
sectors. Furthermore, the program, which was delivered 
through three sectors in 1985, is now delivered through 


four sectors to respond better to the mandate 
requirements and to technically inclined group 
constraints. 


I would note particularly the elevation of the geological 
survey to full sector status. This of course means it has the 
direction of an assistant deputy minister. This change 
reflects the survey's position as a major organizational 
unit within the department, as the senior geoscientific 
Organization in Canada, and as one of the foremost 
geoscience institutes in the world. Coincident with this 
elevation has been a regrouping of the units in Ottawa 
and the GSC’s regional institutes. 


° 1545 


I mentioned a while ago that our activities take us clear 
to the north and there has been a significant revision of 
the mandate of our Polar Continental Shelf Project which 
provides logistics and organizational support for northern 
scientific investigations of university researchers, other 
government departments and the sector. 


Another major aspect of the the Earth Sciences 
Program within the department is the creation of the 
Surveys, Mapping and Remote Sensing Sector, which 
brought together the remote sensing and mapping 
technologies of the department. This change marks a 
major turning point for the surveys and mapping 
Operation after decades of intensive data-gathering 
Operations and completion of a primary map coverage of 
Canada. The organization will henceforth focus 
increasingly on data management in a new partnership 
now being put together with provincial authorities, 
utilities and the private sector. 
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activités sont nécessaires a la gestion de l’aménagement du 
territoire, a la mise en valeur des ressources d’une fagon 
rentable et dans le respect de l’environnement—par 
exemple, pour l’expansion dans le secteur des minéraux, 
des foréts, de l’agriculture et ailleurs—a la sécurité 
publique et a la souveraineté. 


Il s’agit d’un ministére ou d’une partie du ministére 
qui touche aux vies et aux activités de nombreux travaux 
au pays et méme a nos municipalités et a nos 
gouvernements provinciaux. 


Comme vous pouvez le constater, madame la 
présidente, il s’agit d’une tache trés vaste. le Programme 
des minéraux et des sciences de la terre, PMST, travaille 
dans tous les coins du pays, de l’Est a l’Ouest, depuis 
Vextrémité Nord du pays jusqu’au 49° paralléle. Il est 
évident que je ne peux traiter de toutes les activités du 
PMST, mais je vous en exposerai les points principaux. 


J’aimerais vous mettre au courant de _ certains 
changements structurels apportés cette année. Le 
programme a subi des changements considérables au 
cours des deux derniéres années, provoquant une 
réorganisation en profondeur de tous les secteurs. En 
effet, le programme, qui comportait trois secteurs en 1985, 
en compte maintenant quatre, afin de mieux répondre 
aux exigences de son mandat, aux besoins de ses clients et 
aux restrictions de nature techniques. 


Parmi les faits marquants de cette réorganisation, 
notons que la Commission géologique est devenue un 
secteur a part entiére, sous la direction d’un sous-ministre 
adjoint. Cette modification tient compte du fait que la 
Commission est devenue un service de premier plan au 
ministére, le principal organisme géoscientifique au 
Canada et l’un des instituts des sciences de la terre les plus 
avancés au monde. Parallélement, les services de la CJC a 
Ottawa et les instituts réegionaux ont été regroupés. 


J'ai dit un peu plus tét que nos activités nous aménent 
a travailler dans le Nord et il y a eu une révision 
importante 4 apporter au mandat du projet d’étude du 
Plateau continental polaire qui assure des services de 
soutien et de logistique aux équipes de recherches 
scientifiques travaillant dans le Nord. Ces recherches sont 
effectuées par des universitaires, d’autres ministéres 
fédéraux et des membres du secteur. 


Un autre élément majeur de la réorganisation du 
Programme des minéraux et des sciences de la terre au 
sein du ministére a été la création du secteur des levés, de 
la cartographie et de la télédétection, qui a permis de 
réunir les compétences du ministére en matiére de 
télédétection et de cartographie. Ce changement constitue 
un point tournant pour les activités de levés et de 
cartographie, apres des décennies de rasemblement 
intensif des données d’achévement de cartes préliminaires 
de l’ensemble du Canada. Désormais, ce _ secteur 
concentrera davantage ses efforts a la gestion des données, 
dans le cas d’une nouvelle association qui sera bientét 
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A concomitant and particularly — significant 
development in the summer of 1987 was the resolution on 
terms apparently satisfactory to all concerned of the 
proposed transfer of part of the Surveys and Mapping 
Branch to Sherbrooke. As you may know, this was an 
irritant in the system for well over 10 years and we were 
pleased to have it resolved. Cabinet decided to establish 
the Sherbrooke Institute of Cartography, a permanent 
division of 100 PYs. 


This division will be responsible for topographical 
mapping of eastern Canada and associated research and 
development focusing on the applications of remote 
sensing for mapping. As I mentioned, this decision ends 
10 years of uncertainty for the employees of the Surveys 
and Mapping Branch. I might add that the unions and 
others were very pleased that we at last resolved this 
outstanding irritant to the department. 


My final comment on the Earth Sciences Programs 
organizational changes would be to note the restructuring 
of CANMET into two clearly defined and strong focal 
points, one branch for mineral technology and one 
branch for energy technology. CANMET is part of a 
redefined Mineral and Energy Technology Sector and will 
henceforth operate as a technology centre under the terms 
and conditions of a _ recently approved policy of 
government. This move aims at involving CANMET’s 
clients more fully in the planning, funding and execution 
of technology developments carried out in-house and 
externally. 


CANMET’s first business plan was recently released 


and sets out the organization’s intentions. The 
Organization [I have described was undertaken in 
recognition of the importance of research and 


development and the necessity to optimize the use of 
science and technology to enhance our _ industrial 
productivity. 


We want to use the Earth Sciences Program resources 
to obtain the greatest possible impact on _ industrial 
innovation and efficiency and to foster more joint 
research and development activities with the private 
sector. 


Madam Chairman, I would like to touch very briefly 
on the situation of the minerals and metals industry. At 
this very moment we have a very major conference going 
on at the Conference Centre at the Westin. It is our 
Mineral Outlook Conference. I think it is the largest 
attendance in history and there are a lot of very interested 
people there, perhaps well over 500. I am sure they would 
look forward to members of your committee meeting with 
them and to talking to members of the government and 
Members of the Parliament this afternoon. 
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réalisée avec les autorités provinciales, les services publics 
et le secteur privé. 


Un événement concomitant et  particuliérement 
important s’est produit au cours de l’été 1987, soit le 
transfert, selon des modalités que tous les intéressés ont, 
semble-t-il, jugé acceptables, d’une partie de la Direction 
des levés et de la cartographie a Sherbrooke, division 
permanente de la Commission dotée de 100 années- 
personnes. 


Cette division sera chargée d’établir des cartes 
topographiques de l’Est du Canada et d’effectuer la 
recherche et le développement connexes, en = se 
concentrant sur les applications de la télédétection a la 
cartographie. Je le répéte, cette décision met un terme a 
10 années d’incertitude pour les employés de la Direction 
déléguée a la cartographie. J’ajouterais que le syndicat et 
d’autres groupes ont été trés heureux que nous puissions 
éliminer cet important point de friction pour le ministére. 


Pour terminer ma_ revue des changements 
organisationnels qu’a subi le Programme des sciences de 
la terre, j’aimerais souligner la_ restructuration du 
CANMET en deux services distincts et solides: une 
direction s’occupant de la technologie des minéraux et 
une direction chargée de la technologie de l’énergie. 
CANMET fait partie du nouveau secteur de la technologie 
des minéraux et de l’énergie. Il sera a l’avenir exploité 
comme «centre de technologie», selon les modalités fixées 
par une politique qui a été approuvee récemment par le 
gouvernement. Cette décision vise a faire participer 
davantage les clients de CANMET a la planification, au 
financement et a la mise en oeuvre des _ progrés 
technologiques réalisés au ministére lui-méme et a 
Vextérieur. 


Le premier plan d’action de CANMET, rendu public 
derniérement, décrit les éléments de sa nouvelle vocation. 
La réorganisation dont je viens de faire état a été 
entreprise pour tenir compte de l’importance de la 
recherche et du développement ainsi que de la nécessité 
de recourir au maximum a la science et a la technologie 
pour accroitre la productivité de l’industrie. 


Nous voulons utiliser les ressources du Programme des 
sciences de la terre pour générer le plus de retombées 
possibles au plan de l’innovation et de l’efficacité de 
Vindustrie et pour favoriser |’intensification des travaux 
de recherche et de développement conjointement avec le 
secteur privé. 

Madame la présidente, permettez-moi maintenant 
d’aborder trés briévement la situation du secteur des 
minéraux et des métaux. A ce moment-ci, une conférence 
trés importante a lieu au Centre des conférences de 
’H6tel Westin. Il s’agit d’une conférence sur les 
perspectives minérales. C’est peut-étre la conférence la 
plus courue de Uhistoire, beaucoup de gens s’y 
intéressent, plus de 500 personnes. Je suis certain qu’ils 
sont impatients de rencontrer les membres de ce Comité, 
du gouvernement et du Parlement cet apreés-midi. 
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The industry went through a difficult period from 1982 
to 1985, basically caused by three or four different aspects: 
worldwide recession, excess capacity for many 
commodities, new sources of international competition 
and of course the ongoing one, product substitution. They 
all contributed to a sharp fall in real prices of many 
mineral commodities and resultant low profitability for 
mining firms. 


Canada’s mining companies responded with significant 
productivity improvements, cost-cutting measures and 
corporate restructuring. The result is a much healthier 
and more competitive minerals and metals industry. In 
the past year an especially positive aspect has been the 
significant increase in metal prices. Many in the industry 
are now showing a well-deserved profit. 


eal oi) 


They have gone through a very difficult time, Madam 
Chairman, as you and your committee know, and I think 
they have managed through that very difficult period and 
made significant productivity gains and _ cost-cutting 
measures which were difficult but necessary. As a result, I 
do not think you remember in Canada any large number 
of our mines or any of our operations closing down. 


I think for that reason sometimes our managers and 
Our senior management do not get the kind of 
management credit they deserve. At this time, I would 
like to pay tribute to them in the way they managed. 


Dans lensemble, lindustrie a fait preuve d’une 
vigueur remarquable en 1987. La production minérale 
canadienne s’est accrue de 17.5 p. 100 pour se chiffrer a 
16 milliards de dollars, la production d’or représentant a 
elle “seule” plus de 32 p. LO0U= de ces cuitire,: Ele 96y, 
également, les travaux d’exploration ont atteint des 
niveaux record; de plus, 34 nouvelles mines ont été mises 
en exploitation au pays. Madame la présidente, nous 
prévoyons que 1988 sera une année tout aussi prospére. 


Madam Chairman, let me now turn to the future. As I 
noted at the outset, the breadth of the Minerals and Earth 
Sciences Program activities allows me to pick up only a 
few highlights of the department’s past and future work. 


The main estimates for 1988-89 are a statement of our 
continued commitment to several goals and themes. They 
even include regional development, science and 
technology, environmental issues, health and _ safety, 
increased co-operation—both provincial governments and 
industry, improving Canada’s competitive position 
internationally and better departmental efficiency. 


You will recall that when I appeared before this 
committee in May 1987 I had released at that time, in fact 
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L’industrie a traversé une période difficile en 1982 et 
1985. La récession mondiale, la surcapacité de production 
dans le cas de nombreux minéraux, |’entrée sur la scene 
internationale de nouveaux concurrents et la mise au 
point de produits de remplacement se sont conjugués 
pour provoquer une chute prononcée du prix réel de 
nombreux minéraux et, du méme coup, une baisse de la 
rentabilité des sociétés minieres. 


Les sociétés minieres canadiennes ont relevé le défi en 
prenant des mesures importantes visant a accroitre leur 
productivité, réduire leurs couts et a restructurer leurs 
activités. Grace a ces mesures, l’industrie miniére a 
grandement amélioré sa _ situation financiere et sa 
compétitivité. La hausse considérable du prix des métaux 
a représenté un fait marquant au cours de la derniére 
année. Bon nombre de sociétés peuvent maintenant 
afficher des bénéfices bien mérités. 


Ils ont connu des temps trés difficiles, madame la 
présidente, vous-méme et les membres du Comité le savez, 
et j’estime qu’ils s’en sont trés bien tirés, qu’ils ont fait des 
gains importants sur le plan de la productivité et adopté 
des mesures de compression difficiles, mais nécessaires. 
Par conséquent, je ne me souviens pas qu’au Canada, un 
grand nombre de nos mines ou de nos exploitations aient 
du fermer leurs portes. 


J’estime donc que parfois, nos gestionnaires et nos 
cadres supérieurs ne se voient pas accorder le mérite qui 
leur est di. Je voudrais a ce moment-ci leur rendre 
hommage pour leur bonne gestion. 


Overall, the industry in 1987 was remarkably vigorous. 
Canadian mineral production jumped by 17.5% to $16 
billion with gold production alone up more than 32%. 
Exploration activity in 1987 reached record levels and 34 
new mines opened across the country. We expect, Madam 
Chairman, that 1988 will be an equally good year. 


Madame la présidente, je voudrais maintenant me 
tourner vers l’avenir. Comme je l’ai souligné au début, 
Véventail des activités du Programmes des minéraux et des 
sciences de la terre ne me permet que de noter quelques- 
uns des faits saillants des travaux passés et futurs du 
ministére. 


Le Budget des dépenses principal de 1988-1989 
témoigne de notre engagement a l’égard de plusieurs 
thémes et objectifs. Notons le développement régional, les 
sciences et la technologie, les questions relatives a 
environnement, la santé et la sécurité, l’accroissement de 
la collaboration avec les gouvernements provinciaux et 
Vindustrie, l’intensification de la compétitivité du Canada 
sur la scéne internationale, ainsi que l’amélioration de 
Vefficacité du ministeére. 


Vous vous souviendrez que lors de ma comparution 
devant ce Comité en mai 1987, j’ai rendu publique—de 


25-5-1988 


[| Texte| 


during the Mineral Outlook Conference, “The Mineral 
and Metal Policy of the Government of Canada”. It sets 
out for our industry and for the mining sector a flexible, 
supportive and responsive role for the Government of 
Canada. This policy statement remains appropriate and 
sensitive to the needs of the mining industry and it will 
continue to provide the policy framework for our 
activities. 


The free trade initiative will have significant direct 
benefits for the mineral industry. In early February 1988 I 
released a trade impact assessment for the minerals and 
metal sector. Canada’s mineral industry depends heavily 
on trade and the U.S.A. is of course the most important 
market, taking about 71% of everything we export. The 
industry has been strongly supportive of this initiative; 


recognizing it assures long-term access to its major 
customer. 
Very tangible examples of the government’s 


commitment to regional development are the MDAs, or 
Mineral Development Agreements. My department 
administers these MDAs which have a total commitment 
of $143 million, money that is being spent in providing 
geological information to stimulate exploration, joint 
research efforts to reduce mining costs, as well as market 
studies to identify new opportunities. I can tell you, 
Madam Chairman, the MDAs are working well and the 
provinces are happy with them. 


On exploration, we know that exploration is absolutely 
fundamental to a competitive and a prosperous mineral 
sector, and I think our new program which we 
announced a week or two ago, the Canadian Exploration 
Incentive Program—CEIP—will provide the momentum 
and financing necessary to maintain primary exploration. 
CEIP will also ensure that communities in the northern 
and remote areas continue to enjoy the benefits they have 
received as a result of recent exploration activity. 


[I would note, Madam Chairman, that the 
announcement of CEIP has been very positively received. 
In fact, even today at our Mineral Outlook Conference I 
talked to John Larch, who is the Chairman of the 
Prospectors and Developers Association, and he was again 
glowing in his comments about the program. He felt it 
would do the job in terms of keeping up a reasonable 
level of exploration activity for our mining sector. 


Also, I would point out that this program is of course 
not reflected in the estimates before us toda. They will 
obviously have to be addressed in the 1988-89 
supplementary estimates. 


Riles’ 


On enviromental issues, public concern for 
environmental quality is increasing and both industry and 
government are well aware of their responsibility to 
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fait, c’était au cours de la Conférence sur les perspectives 
minérales—«La politique du gouvernement du Canada 
sur les minéraux et les métaux», qui décrit le role souple 
de soutien et d’aide que peut jouer le gouvernement 
canadien. Cet énoncé de politique demeure approprié et 
adapté aux besoins de l’industrie miniere, et il continuera 
de former le cadre de nos activités. 


L’accord de libre-échange procurera d’importants 
avantages directs a l’industrie miniere. Au début de 
février de cette année, j’ai rendu publique une évaluation 
de ses effets sur le secteur des minéraux et des métaux. 
Comme vous le savez, l'industrie miniere canadienne est 
fortement tributaire du commerce extérieur, et les Etats- 
Unis représentent notre débouché le plus important; ils 
regoivent pres de 71 p. 100 de toutes nos exportations. 
L’industrie a donc fermement appuyé cette initiative, 
reconnaissant qu’elle assure un accés a long terme a son 
principal client. 


Les ententes sur l’exploitation minérale constituent 
sans contredit un exemple tres concret de l’engagement de 
notre gouvernement envers le développement régional. 
Ces ententes prévoient l’affectation de 143 millions de 
dollars, qui sont consacrés a la_ prestation de 
renseignements géologiques pour stimuler l’exploration, a 
des travaux conjoints de recherche visant a réduire les 
couts, ainsi qu’a des études de marché dans le but de 
découvrir de nouveaux débouchés. Je puis vous assurer, 
madame la présidente, que ces ententes fonctionnent bien 
et que les provinces sont satisfaites de la situation. 


Nous savons tous que l’exploration est essentielle pour 
assurer la compétitivité et la prospérité du secteur minier. 
C’est la raison pour laquelle, a mon avis, le programme 
que nous avons annoncé il y a une semaine ou deux, le 
nouveau Programme de stimulation de l’exploration au 
Canada (PSEC), permettra de maintenir le rythme et le 
financement nécessaires a _ l’exploration préliminaire. 
Dans le cadre du PSEC, les collectivités du Nord et des 
régions éloignées continueront de beneéficier des 
retombées qu’elles connaissent depuis quelques années. 


J’aimerais souligner, madame la présidente, que le 
PSEC a été trés bien accueilli. En réalité, aujourd’hui 
méme, a notre Conférence sur les perspectives minérales, 
jai discuté avec John Larch, président de |’Association 
canadienne des prospecteurs et entrepreneurs, qui n’avait 
que des paroles élogieuses concernant le programme. A 
son avis, ce programme permet de maintenir un niveau 
raisonnable d’exploration dans le secteur minier. 


Je voudrais également souligner que ce programme ne 
figure pas bien entendu dans le plan de dépenses qui vous 
est présenté aujourd’hui. Il en sera question lors du depot 
du budget des dépenses supplémentaire de 1988-1989. 


Au sujet des questions environnementales, le public 
s’intéresse de plus en plus a la qualité de l’environnement, 
et l’industrie aussi bien que le gouvernement sont trés 


46:10 


[Text] 


maintain the quality of our natural environment. Joint 
research efforts with industry, such as the treatment of 
reactive acid mine tailings and the Acid Rain Abatement 
Program, will continue. On a more general level, EMR 
will be increasingly involved in global efforts to 
understand the macro-environmental changes being faced 
by our world. 


One of our inherited problems is low-level radioactive 
waste. The final report of the Siting Process Task Force 
for a low-level radioactive waste disposal facility was 
released in December 1987. This report recommends a co- 
Operative process for the siting of controversial facilities. 
Public response to the task force has been very positive. 
Two communities, Deep River and Elliot Lake, have 
come forward as volunteers to go through the siting 
process, 


Recent examples of increased federal-provincial co- 
Operation in surveying and mapping in Canada are the 
memoranda of understanding which I have signed with 
several provinces. Under these, Canada will develop 
national standards across the country for transmittal and 
exchange of geographic information in computer- 
processable form. All levels of government will be able to 
use the same map-making techniques and information. 
This will lead to an ever increasing saving in map 
production and revision costs, more informative and 
timely map production, and meet the increasing demands 
of industry for geographic information in computer- 
processable form. 


Also, in November I signed a memorandum of 
understanding with a major industry association, 
representing a large part of the Canadian surveying and 
mapping community. The industry is wholeheartedly 
committed to this new technology, its applications, and 
particularly its actual and potential sales within Canada 
and international markets. Evidence of this confidence is 
shown by the fact that the industry has invested some $50 
million in computer hardware and software over the past 
few years, and is firmly prepared to expand this 
investment in the future. Also, tomorrow EMR will be 
signing yet another memorandum of understanding, this 
time with the largest professional survey and mapping 
association in Canada, the Canadian Institute of Surveying 
and Mapping. 


Finally, within the context of our government’s science 
and technology policy, the scientific parts of the Mineral 
and Earth Sciences Program will be making an important 
contribution. As I have indicated, we will be working 
closely with the private sector and provices to ensure their 
priorities are reflected in our work, and that EMR’s 
resources are combined with theirs in an efficient and 
timely manner so as to contribute to a larger joint 
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conscients de leurs responsabilités dans ce domaine. Les 
travaux de recherche exécutés conjointement avec 


Vindustrie, tels que le traitement des résidus miniers 
acides réactifs et le programme de réduction des pluies 
acides, se poursuivront. Sur la scene internationale, le 
personnel d’EMR participera de plus en plus aux 
recherches sur les changements macro-environnementaux 
auxquels le monde doit faire face. 


Un des problémes dont nous avons hérité, c’est celui 
des déchets a faible radioactivité. Le rapport final du 
groupe de travail chargé d’établir un processus de 
détermination d’un site d’enfouissement des déchets a 
faible radioactivité a été rendu public en décembre 1987. 
Les auteurs de ce rapport recommandent de faire appel 
aux parties concernées pour déterminer |’emplacement 
des installations controversées. La réaction du public au 
rapport a été tres positive. Deux collectivités, soit Deep 
River et Elliot Lake, ont accepté de se soumettre a ce 
processus. 


Parmi les exemples récents de l’accroissement de la 
collaboration fédérale-provinciale en matiére de levés et 
de cartographie, notons les protocoles d’entente que j’ai 
conclus avec plusieurs provinces. Dans le cadre de ces 
protocoles, le Canada établira des normes nationales 
concernant la transmission et l’échange de renseignements 
géographiques sous une forme pouvant €tre traitée par 
ordinateur. Tous les paliers de gouvernement pourront 
avoir acces aux mé€mes données et _ techniques 
cartographiques. Cette mesure permettra d’économiser des 
sommes de plus en plus grandes au chapitre de la 
production et de la révision de cartes, d’établir des cartes 
plus riches et plus rapidement et de repondre aux besoins 
croissants de lVindustrie en matié€re de renseignements 
géographiques pouvant étre traités par ordinateur. 


En outre, j'ai signé en novembre un_ protocole 
d’entente avec une importante association d’industries, 
qui représente une large partie du milieu des levés et de la 
cartographie au Canada. L’industrie est engagée a fond 
dans la mise au point de cette nouvelle technique, de ses 
applications et, en particulier, de ses perspectives de 
ventes au pays et a l’étranger. Les quelque 50 millions de 
dollars qu’elle a investis au cours des derniéres années 
dans l’achat de matériel et de logiciels, ainsi que les 
sommes qu’elle est fermement disposée a affecter a 
Vavenir témoignent de la confiance de l’industrie envers 
cette technique. Autre exemple, demain, EMR conclura 
un autre protocole d’entente avec la plus importante 
association professionnelle de levés et de cartographie au 
Canada, soit l’Institut canadien de levés et de 
cartographie. 


En dernier lieu, les services a vocation scientifique du 
Programme des minéraux et des sciences de la terre 
joueront un rédle de premier plan dans la politique 
gouvernementale relative a la science et a la technologie. 
Comme je l’ai dit, nous collaborerons étroitement avec le 
secteur privée et les provinces pour veiller a ce que nos 
travaux tiennent compte de leurs priorités et a ce que les 
ressources d’EMR_ soient combinées d’une maniére 
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research effort. In the past year I have restructured the 
system of advisory committees on CANMET so I can be 
sure of receiving timely and essential industry input. The 
advisory committee for the Geological Survey Sector is 
also being strengthened. 


Madam Chairman, my comments highlight the 
philosophy and directions we are heading in within the 
Minerals and Earth Sciences Program. 


Our role is to be supportive of industry, not to 
intervene. We look to the private sector to assess the risks, 
marshall the resources and make the investment 
decisions. At the same time, we will be as responsive as 
possible to the private sector’s research priorities and 
information requirements. 


I might add, and we dealt with this issue yesterday, 
there is a very interesting initiative, called Tech Trends, 
jointly sponsored by my department and the Ministry 
Industry Technology Committee from the private sector, 
bringing in a group of people from around the world to 
advise Our sector on what is happening in Norway, Great 
Britain, the United States and Australia. The numbers 
who attended indicated a great deal of interest. 


All of the above will be done in the context of overall 
government priorities, including the all-important 
concern of budgetary restraint. 


Madam Chairman, members of the committee, thank 
you for your time and attention. I ask for this committee’s 
support to implement the initiatives outlined in the main 
estimates. I am here with my officials to answer any 
questions you may have and I look forward to continuing 
to work with all of you. 


° 1600 


I want at this time to express my thanks for the support 
of the committee. It is a department that has gone along 
its way essentially unnoticed but doing reasonably good 
work with the sector. I guess you would have to ask the 
people who are out there at the sharp point doing the 
exploration and the mining whether they appreciate the 
efforts of the agencies and the department that are 
working on their behalf. I am sure once again they will be 
most pleased to see members of this committee and other 
Members of Parliament this afternoon as they finish up 
another mining outlook conference. 


Should I not be able to answer the technical questions, 
I promise you you will get answers, even if they have to 
follow in writing. 


The Chairman: Thank you very much, Mr. Minister. 
Your opening remarks were extremely informative, and 
we certainly appreciate them. 


I also want to say to you and your department a word 
of thanks on the new CEIP. It certainly will assist not 
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efficace et opportune aux leurs pour intensifier les efforts 
déployés. Au cours de l’année qui s’est écoulée, j’ai 
restructuré le réseau. des comités consultatifs sur 
CANMET afin de recevoir dans les plus brefs délais les 
réactions et opinions de l’industrie. Le comité consultatif 
du Secteur de la Commission géologique du Canada fait 
également l’objet de modifications. 


Madame la présidente, mes observations illustrent la 
philosophie et les orientations qui sous-tendent les 
programmes des minéraux et des sciences de la terre. 


Notre role consiste a aider l'industrie, non a intervenir 
dans ses affaires. C’est au secteur privé qu'il revient 
d’évaluer les risques, de réunir les ressources et de 
prendre les décisions en matiére d’investissement. En 
méme temps, nous satisferons dans la plus grande mesure 
possible aux priorités de recherche et aux besoins de 
renseignements du secteur privée. 


J’ajouterais, et nous avons discuté de la question hier, 
qu’une initiative trés importante, appelee Tendances 
techniques, parrainée conjointement par mon ministére et 
un comité de technologie industrielle du secteur privé, 
regroupe des personnes de différents pays qui conseillent 
notre secteur sur ce qui se fait en Norvége, en Grande- 
Bretagne, aux Etats-Unis et en Australie. Les personnes 
qui y Ont participé se sont montrées trés intéressées. 


Tout ce qui précéde sera fait selon les priorités globales 
dus gouvernement, notamment les _ indispensables 
compressions budgétaires. 


Madame la présidente, membres du Comité, je vous 
suis reconnaissant de m’avoir accordé votre temps et votre 
attention. Je vous demande d’appuyer les initiatives 
décrites dans le plan de dépenses. Mes fonctionnaires et 
moi-méme nous ferons un plaisir de répondre a vos 
questions, et j’espere pouvoir continuer a travailler avec 
vous tous. 


Je tiens maintenant a remercier le Comité de son 
appui. Les activités du ministére passent peut-étre 
inapergues, mais il fait du bon travail dans ce secteur. 
Jimagine que c’est a ceux qui sont a la fine pointe de 
Vexploration et de l’exploitation miniéres qu’il faut 
demander s’ils apprécient, a leur juste valeur, les efforts 
que déploient les organismes et les ministéres dans leur 
intérét. Je le répete, ils auront grand plaisir a revoir les 
membres du Comité et d’autres députés cet aprés-midi, 
aux termes de la Conférence sur les perspectives minieres. 


Si je ne puis répondre a des questions d’ordre 
technique, je vous promets que vous obtiendrez des 
réponses, méme si elles doivent suivre par écrit. 


La présidente: Merci bien, monsieur le ministre. Votre 
introduction était des plus instructives, et nous vous en 
savons gré. 


Je tiens également a vous remercier, vous et votre 
ministére, pour le nouveau PSEC. Nul doute que non 
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only in mining but in the petroleum business. They are 
both high-risk businesses and they do need some sort of 
incentive to keep them going. 


Mr. MacLellan: On the CEIP, Mr. Minister, I was 
wondering where private partnerships stand in mining. 
Are they included in the CEIP? 


The Chairman: As [ understand it—and of course the 
minister is perfectly free to answer—as far as the junior 
mining companies are concerned, most of them are 
public, Mr. MacLellan. So the problem appears to be in 
the oil and gas business. 


Mr. MacLellan: [t is not a problem in the mining 
sector. 


Mr. Merrithew: Madam Chairman, you are exactly 
right. In the mining sector they tend to operate in a 
different way. They tend to be public, and they are willing 
and able to flow the benefits through to those who have 
picked up shares through the flow-through share process. 


Incidentally, I can announce here, because it was 
announced this morning, that we will have a paper 
available for the industry. We have seven months to put 
the program into effect, because we are going to continue 
their earned depletion of 33 1/3% to the end of this year. 
That paper will be ready at the end of the month. It will 
go Out to the industry. We want their advice. We want to 
consult with them. We want to make sure the program we 
set up works for them, yet at the same time protects the 
interest of the Canadian taxpayer, who will be footing a 
good deal of the bill for this. 


But on your question, it is essentially no problem for 
the mining side at all. 


Mr. MacLellan: On the mineral and _ metal 
commodities activity, the amount of expenditures is going 
to be reduced considerably. Is that because of the 
completion of the Chatham fluidized bed combusion 
project and the Charlottetown Cold Water Project? 


Mr. Merrithew: I will ask somebody to respond in 
detail, but yes, those two programs are essentially 
completed. [I attended the official opening of the 
circulating fluidized bed project in Miramichi. We have 
made a contribution of $37 million, I believe, to the new 
coal technologies. The cold water demonstration unit is 
essentially completed as well. 


Dr. Pierre O. Perron (Associate Deputy Minister, 
Department of Energy, Mines and Resources): You are 
talking specifically about the phase-out of the Coal 
Demonstration Program. 


Mr. MacLellan: The reduced budget for the mineral— 


Dr. Perron: This program was initiated in 1982, if I 
remember correctly, and was extended for a couple more 
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seulement le secteur minier, mais aussi le secteur 
pétrolier, pourront en profiter. Ce sont deux secteurs 
comportant des risques élevés, aussi leur faut-il quelque 
encouragement pour qu’ils perséveérent. 


M. MacLellan: Au sujet du PSEC, monsieur le 
ministre, je me demande quel est le role attribué aux 
associations privées en matiére d’exploitation miniere. 
Figurent-elles dans le PSEC? 


La présidente: Si je comprends bien—et certes le 
ministre est tout a fait libre de vous repondre—pour ce 
qui est des sociétés miniéres moins importantes, la plupart 
sont du secteur public, monsieur MacLellan, le probleme 
semble donc se poser dans le secteur du pétrole et du gaz. 


M. MacLellan: Il n’y a pas de probleme dans le secteur 
minier. 

M. Merrithew: Madame la présidente, vous avez 
parfaitement raison. Le secteur minier a tendance a agir 
de fagon différente. Il favorise la participation du secteur 
public, il est disposé a faire profiter ceux qui se sont 
procuré des actions accréditives. 


Soit dit en passant, je peux bien en parler ici, car on l’a 
annoncé ce matin, nous avons rédigé une brochure pour 
la gouverne de l’industrie. Nous disposons de sept mois 
pour mettre le programme en oeuvre, car la déduction 
gagnée de 33 1/3 p. 100 s’appliquera jusqu’a la fin de 
l'année. Ce document sera prét a la fin du mois. Il sera 
diffusé a l’industrie. Nous tenons a recueillir son avis. 
Nous tenons a la consulter. Nous voulons nous assurer 
que ce programme lui est profitable, en méme temps qu’il 
protege les interéts des contribuables canadiens, qui vont 
en assumer une bonne partie des frais. 


J’en reviens a votre question, en fait, cela ne pose 
aucun probléme pour le secteur minier. 


M. MacLellan: Pour ce qui est du secteur des minéraux 
et des métaux, on va diminuer sensiblement le montant 
des dépenses. Pourquoi? Est-ce parce que le projet de 
combustion en lit fluidiseé a Chatham et celui 
d’alimentation en combustible charbon-eau, a 
Charlottetown sont terminés? 


M. Merrithew: Je demanderais a quelqu’un de vous 
fournir les détails, mais il est vrai que ces deux 
programmes sont plus ou moins terminés. En fait, j’ai 
assisté a linauguration officielle de linstallation de 
combustion en lit fluidisé a Miramichi. Sauf erreur, nous 
avons alloué 37 millions de dollars a cette nouvelle 
technologie du charbon. Quant a l’unité de démonstration 
a combustible charbon-eau, je crois que les travaux sont 
aussi termines. 


M. Pierre O. Perron (sous-ministre associé, ministere 
de l’Energie, des Mines et des Ressources): Vous faites 
allusion, n’est-ce-pas, a la cessation progressive du 
programme de demonstration du charbon. 


M. MacLellan: La baisse des budgets dans la catégorie 
des minéraux. . . 


M. Perron: Ce programme a débuté en 1982, sauf 
erreur, et s'est prolongé durant quelques années, avec 
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years, with Treasury Board’s authorization, to complete a 
couple of projects. These have now come to an end, as of 
April 1 of this year. Therefore no funds are provided for 
the Coal Demonstration Project beyond that date. 


Mr. MacLellan: The whole mineral and _ metal 
commodities activy is reduced. Is that because these 
programs are finished and no other programs are being 
started. Is that it? 


Dr. Perron: Yes. 


Mr. MacLellan: What is the plan? Are other projects 
going to be initiated? What I am concerned about, largely, 
is where we go from here. These are good programs. Can 
we honestly say the work in these fields has been 
completed? If so, what have we learned and where do we 
stand with the Cold Water Project and fluidized bed 
project? 


= 1605. 


Dr. Perron: I guess, Mr. MacLellan, one should say that 
the work is never completed in the research and 
development and there is so much one can do. There 
always comes a point where the private sector initiative 
BaSmetoystake sthe arelay.. In. (the. case, of the»! Coal 
Demonstration Program, major investment has been done 
in the framework of the program, to a point where we 
have learned a great deal about fluidized bed combustion 
through the Chatham demonstration project, and as well 
on the Carbogel type of fuels. 


These projects will mature and we will see whether our 
private sector picks up the relay and whether they go a 
little further. We are quite confident that they will in due 
time. 


As to whether there will be a need for more programs 
Or more activities of that nature, you will be aware, 
undoubtedly, that the deputy prime minister has 
convened a special task force with the premiers to discuss 
the possibilities of increasing the amount of western coal 
going into the Ontario market. This has led to the 
formulation of a certain number of initiatives that are 
now being actively considered by the deputy prime 
minister and the premiers. They were planning to meet 
some weeks ago. Unfortunately, the meeting was cancelled 
because of some unforeseen circumstances. We expect to 
have a decision on that front in the very near future. 


Mr. MacLellan: The deputy prime minister’s group is 
for the long range, but I am concerned now that this 
money has been spent on the fluidized bed project and 
the coal and water project. You say that it is now up to 
the private sector to pick it up. What has been developed 
to be picked up? What exactly has the government 
brought these two projects to that would be something the 
private sector would be interested in developing further? 


Mr. Merrithew: The total cost of the coal utilization 
program was $78 million, of which $37.8 went to the one 
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Vassentiment du Conseil du Trésor, afin de terminer 
certains travaux. Le programme a donc pris fin le 1° 
avril dernier. A partir de cette date, aucun montant n’est 
prévu pour le programme de démonstration de la houille. 


M. MacLellan: I] y a des baisses dans tous les secteurs 
des activités relatifs aux minéraux et aux métaux. Est-ce 
que c’est parce que ces programmes sont terminés et 
qu’aucun autre programme n’a été mis en route? 


M. Perron: C’est exact. 


M. MacLellan: Quels sont vos plans? D’autres projets 
sont-ils envisagés? Ce qui m/intéresse, surtout, c’est la 
Suite qui est prévue. Il s’agissait de bons programmes. Est- 
il exact que dans ce domaine, les travaux sont terminés? 
Alors, qu’avons-nous appris et Ou en sommes-nous a 
Vegard du lit fluidisé et du combustible charbon-eau? 


M. Perron: J’imagine, monsieur MacLellan, que l’on 
peut dire qu’il y a toujours a faire en matiere de 
recherche et de développement, mais qu’on ne peut faire 
que certaines choses. Il arrive toujours, a un moment 
donne, que le secteur privé doit prendre la releve. Dans le 
cas du programme de démonstration du charbon, des 
investissements importants ont éte effectués, a_ telle 
enseigne, que nous en avons appris beaucoup au sujet de 
la combustion en lit fluidisé, a l’unité de démonstration 
de Chatham, ainsi qu’au sujet de certains combustibles 
appelés Carbogel. 


Ces programmes parviendront a maturité et nous 
verrons ensuite si le secteur privée est dispose a prendre la 
releve et a poursuivre les travaux. Nous sommes confiants 
qu’elle le fera en temps et lieu. 


Quant a savoir si d’autres programmes ou d’autres 
activités de ce genre se réveleront nécessaires, vous étes 
sans doute au courant que le vice-premier ministre a 
constitué un groupe de travail particulier afin de discuter 
avec les premiers ministres de la possibilité d’accroitre les 
débouchés du charbon de |’Ouest en Ontario. Cela a 
donné lieu a un certain nombre d’initiatives qui sont 
présentement envisagées par le vice-premier ministre et 
les premiers ministres. Ils devaient se rencontrer il y a 
quelques semaines. Malheureusement, la réunion a été 
annulée en raison de circonstances imprévues. Nous nous 
attendons a ce qu’une décision soit prise sous peu dans ce 
domaine. 


M. MacLellan: Le groupe du vice-premier ministre 
s’arréte aux questions a long terme, mais je me concentre 
sur le fait que certaines sommes ont été dépensées pour 
ces deux programmes, la combustion en lit fluidisé et le 
combustible charbon-eau. Vous dites qu’il incombe 
désormais au secteur privée a prendre la releve. A-t-on fait 
mine de “prendre la ‘weleve? Dansmles/ deux) icas;wile 
gouvernement a-t-il atteint un degré de réalisation qui 
puisse encourager le secteur privé a prendre la reléve? 


M. Merrithew: Le programme d'utilisation du charbon 
a couté en tout 78$ millions, dont 37.8$ millions pour les 
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in the Miramichi. There was a shortfall of money of $6 
million, which was picked up this year by Treasury 
Board. I can tell you that the technologies that have been 
developed there are being used and examined by people 
from around the world. That does not mean—you are 
absolutely right—that we should not try to follow up with 
other kinds of projects—for example, Carbogel—that 
might be of use to the sector. Particularly it could be the 
high sulphur coal as we have, you and I—particularly I in 
Atlantic Canada. 


With regard to the western coal to Ontario, I can tell 
you that our deputy prime minister has been in touch 
with the four premiers on the intergovernmental report 
that was passed out to them in January 1988. I think they 
have arrived at a decision on that. I do not know whether 
an announcement has been made or a final decision been 
made, but they were positive towards the 
recommendations in the report. I can tell you further that 
there are R and D funds within those expenditures. 


Mr. MacLellan: Yes, but are further funds going to be 
spent on these projects? If you were to tell me that you 
did not think the projects were worth further funds then 
that would be an answer too, but what I want to know is 
this. Considerable funds are being spent on both of these 
projects. How successful are they? Where do they stand 
now? Where are they vis-a-vis similar projects in other 
countries? Where have we brought these two projects to, 
and are they viable? How do they relate, for instance, to 
the Carbogel project? How do they relate, for instance, to 
the synfuels project that was being talked about for the 
Strait of Canso? We have these projects. We have money 
spent on them. There is a lot of expectation created in 
Atlantic Canada, particularly in my area, about these 
projects, or at least one of them, breaking through to 
increase the utilization of coal and increasing the 
environmental levels. Where do we stand now on all this 
activity? 


O Hite KD) 


Dr. Perron: Madam Chairman, with your permission, I 
would like to call on Mrs. Nancy Mitchell, who is the 
manager of the Coal Division at EMR and has supervised 
the whole program from its inception, to deal with your 
detailed questions. 


Ms Nancy Mitchell (Director, Coal Division, Mineral 
and Metal Commodities Branch, EMR): I just wanted to 
let you know about some _ exciting developments 
happening on the cold-water fuel side as a result of the 
program on which we spent quite a fair bit of time and 
money in the last four or five years. 


There are two projects now under way. One is with the 
pulp and power company within Nova Scotia, to actually 
use cold-water fuel to fire their boilers for steam for 
industrial processing. The second one, which is probably 
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travaux a Miramichi. Il a fallu quelques 6$ millions en 
plus, que le Conseil du Trésor a autorisés cette année. Je 
puis vous dire que la technologie qui a été mise au point a 
ces deux endroits a eu des preneurs un peu partout dans 
le monde. Ce n’est pas dire—vous avez parfaitement 
raison—que nous ne devrions pas tenter d’y donner suite 
en prévoyant d’autres travaux—par exemple, Carbogel— 
dont le secteur pourrait bénéficier. En particulier, il y a le 
charbon a haute teneur en soufre que nous trouvons, vous 
et moi—surtout moi, dans le Canada Atlantique. 


Pour ce qui est des débouchés du charbon de |’Ouest 
en Ontario, je peux vous dire que notre vice-premier 
ministre a pris contact avec les quatre premiers ministres, 
dés que le rapport inter-gouvernemental leur a été 
transmis en janvier de 1988. Je crois qu’ils en sont venus 
a une décision a ce propos. Jignore si on l’a rendue 
publique ou si une décision finale a été prise, mais leur 
attitude a l’égard des recommandations figurant dans ce 
rapport €tait positive. Je peux vous dire en Outre que ces 
dépenses comprennent des fonds octroyés a la recherche 
et au développement. 


M. MacLellan: Oui, mais va-t-on octroyer d’autres 
fonds a ces programmes? Si vous me disiez que l’on a jugé 
bon de ne pas attribuer d’autres fonds a ces programmes, 
ce serait aussi repondre a ma question, mais voici ce que 
je veux savoir. On a attribué des sommes considérables a 
ces deux programmes. Ces derniers ont-ils été fructueux? 
Ou en sommes-nous maintenant? Comment se comparent- 
ils a des réalisations analogues dans d’autres pays? Ou en 
sont ces programmes et sont-ils viables? Ainsi, dans quelle 
mesure se rattachent-ils au programme Carbogel? Ainsi, 
comment se rattachent-ils au programme de combustible 
synthétique dont on a parlé pour la région du Detroit de 
Canso? Nous avons réalisé ces programmes, auxquels nous 
avons attribué une certaine somme. On a_ suscité 
beaucoup d’espoir dans les provinces atlantiques, 
notamment dans ma région, lorsque ces programmes, Ou 
du moins l’un d’entre eux, ont été mis en oeuvre, car on y 
voyait une percée pour ce qui est d’accroitre l’usage du 
charbon tout en assainissant l’environnement. Ou en sont 
ces programmes? 


M. Perron: Madame la_ présidente, avec votre 
permission, je vais demander a M™® Nancy Mitchell, chef 
de la division du charbon au ministére, qui a supervisé 
tout le programme depuis sa mise en route, de vous 
fournir des détails a ce propos. 


Mme Nancy Mitchell (directrice, division du charbon, 
direction des minéraux et des métaux, EMRC): J’aimerais 
vous dire qu’en matiere du combustible charbon-eau, le 
programme auquel nous avons consacré beaucoup de 
temps et d’argent depuis quatre ou cing ans a donné lieu a 
des suites fascinantes. 


Deux projets ont vu le jour. Premierement, un 
fabricant de pates et papier de la Nouvelle-Ecosse envisage 
effectivement d’utiliser le combustible charbon-eau pour 
alimenter ses chaudiéres a vapeur dans ses ateliers de 
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more dramatic, and has more long-term impacts, on 
which my staff are working with the Nova Scotia Power 
Corporation and Cape Breton Development Corporation, 
is to look at the potential for cold-water fuel in Nova 
Scotia Power’s oil-fired boilers on a permanent basis. 


Both Cape Breton Development Corporation and Nova 
Scotia Power Corporation, if you can call them the 
private sector in Nova Scotia, are actively involved in 
putting some of their own time, effort and money into 
that particular project. I think it has a great future. 


Mr. MacLellan: [ am not really getting the information. 
I just want to know where all the activity so far has 
brought us. Are we any further ahead, or are we starting 
out all over again with more pilot projects? 


Mr. Gustafson: Thank you, Mr. Minister, for your 
report. The questions I have are probably quite regional to 
the constituency I serve. You mentioned the coal and the 
good work the deputy leaders have been doing on this 
between the provinces in the west and Ontario. What is 
this going to mean for Saskatchewan? 


I have my colleagues from Alberta sitting beside me. I 
think they probably represent about 60% to 70% of coal 
mining in Canada. Saskatchewan would be a small 
percentage of this. But we do have lignite coalin the 
constituency I serve, at Estevan. Is there something 
positive in this for us in Saskatchewan? 


Mr. Merrithew: This is not a new issue, Madam 
Chairperson, and your point is well taken. The 
unfortunate part of our coal is we have probably 5,000 
times as much as we need of excellent, low-sulphur coal, 
but in the wrong part of Canada, away from the actual 
users, the consumers. The largest user would of course be 
Ontario Hydro. 


To address this issue—and I have been working with 
them, as has Mr. Mazankowski, for a long time—we set up 
this interdepartmental task force, which did report on the 
issue. Aside from actually finding a way to subsidize 
transportation, what else can we do to make sure we meet 
as many of the restraints, to get the coal in the most 
efficient way from where it is now, essentially in British 
Columbia, Alberta and Saskatchewan, to the main user, 
who happens to be in central Canada? 


There was an action committee set up, composed of 
Mr. Mazankowski, and of course your premier and the 
premiers of Alberta and Ontario. I can tell you they were 
discussing the issue today. 


Dr. Perron: Discussions are still going on. 
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transformation. Deuxiemement. ce qui est encore plus 
frappant, vu sa répercussion a long terme, et ce a quoi 
mon personnel collabore avec la Nova Scotia Power 
Corporation et la Société de développement du Cap 
Breton, c’est la possibilité d’utiliser en permanence le 
combustible charbon-eau dans les chaudieres a mazout de 
Nova Scotia Power. 


Tant la Société de développement du Cap Breton que 
la Nova Scotia Power Corporation, que l’on peut, a la 
rigueur, ranger dans le secteur privé en Nouvelle-Ecosse, 
Ont eux-mémes consacré leur temps, leurs efforts et leurs 
capitaux a la réalisation d’un tel projet. Je crois qu'il s’agit 
d’une innovation appelée a un grand avenir. 


M. MacLellan: Ce n’est pas vraiment la réponse que je 
recherchais. J’aimerais savoir ou nous en sommes grace a 
cette activité. Avons-nous progressé, ou bien va-t-on 
reprendre a zero avec d’autres projets pilotes? 


M. Gustafson: Merci, monsieur le ministre, de votre 
expose. Les questions que je vais poser ont probablement 
trait a la circonscription que je dessers. Vous avez parlé 
du charbon et du bon travail que les vice-premiers 
ministres et les premiers ministres de l’Ouest et de 
l'Ontario ont accompli a cet égard. Qu’est-ce que cela va 
signifier pour la Saskatchewan? 


J’ai des collegues de l’Alberta a mes cotés. Je crois que 
cette province répond probablement pour 60 ou 70 p. 100 
de l’exploitation houillere au Canada. La Saskatchewan 
n’en représente qu’un faible pourcentage. On trouve 
toutefois du lignite dans ma circonscription, a Estevan. Y 
aurait-il quelque chose de positif pour nous en 
Saskatchewan? 


M. Merrithew: La question n’est pas nouvelle, madame 
la présidente, mais votre remarque est tout a fait valable. 
Ce qui est regrettable, a l’é€gard du charbon, c’est que nous 
en avons probablement 5,000 fois trop, sous forme de 
charbon 4a faible teneur en soufre, chose excellente, mais 
il est mal situé au Canada, loin des usagers, loin des 
consommateurs. Le plus important consommateur serait, 
bien sur, | Hydro Ontario. 


A cette fin—et il y a longtemps que je leur en parle, 
tout comme M. Mazankowski—nous avons constitué un 
groupe de travail interministériel, qui nous a ensuite 
remis son rapport. A moins d’établir un mode de 
transport subventionné, quoi d’autre pourrions-nous faire 
pour nous assurer que nous répondons au plus grand 
nombre de conditions possible, que nous faisons parvenir 
le charbon le plus efficacement possible, a partir de 
Vendroit ot il est extrait, notamment en Colombie- 
Britannique, en Alberta et en Saskatchewan, vers les 
principaux consommateurs, qui se trouvent étre au 
Canada central? 


Un comité d’action s’est constitué, qui comprenait M. 
Mazankowski et, bien str, votre premier ministre et ceux 
de l’Alberta et de l'Ontario. Je peux vous dire qu’ils 
discutent de cette question en ce moment. 


M. Perron: Ces entretiens se poursuivent. 
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Mr. Merrithew: I think there is a large measure of 
unanimity in meeting the recommendations passed to 
them. We will undoubtedly hear more about this soon. 
Your point is well taken. We want to do as much as we 
can to utilize that coal, which is definitely underutilized 
now. 


Mr. Gustafson: What about the pollution factor of that 
western coal, particularly the lignite as compared to the 
harder coals? Is there something positive about this? 


Ms N. Mitchell: This is in answer to your first question 
as well. One of the projects identified under the western 
coal to Ontario report by the secretariat did deal with 
what was called low-rank coal upgrading, which is what 
we in fact consider lignite and the subituminous coals in 
Alberta. Even though the premiers and the deputy prime 
minister have not formally said they want to move ahead 
with that report. we already have a committee in place 
with the Province of Saskatchewan and people within 
Energy, Mines and Resources and the industry to look at 
what technologies can be used to upgrade coals like 
lignite and use them as a potential substitute for natural 
gas, for example, in the industrial area in Saskatchewan. It 
is an area the province is quite keen on working in, and 
we are really interested in working along with them. 
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In answer to your second question, like the rest of 
western Canadian coals, lignite is very low in sulphur. It 
is in about the 0.2% or 0.3% range as opposed to eastern 
Canada where it is more in the 3% or 4% range. It is a 
very high benefit. 


Mr. Gustafson: I have another question which I guess 
would be regional, and that is with regard to potash. 
Saskatchewan faces some major problems with potash and 
with exports to the United States, which of course are 
very important, and very important to the whole trade 
agreement that we are looking forward to, at least on this 
side of the House. Do you have any update on what is 
happening in the potash mines in terms of production, 
especially to the United States because I understand that is 
where our market is? 


Mr. Merrithew: That is a most interesting issue that 
took place last year when two marginal producers in New 
Mexico persuaded the United States government to 
institute an anti-dumping claim against Canada. I have 
dealt and met with on many occasions the potash 
producers on this particular trade action. Both New 
Brunswick and Saskatchewan potash producers wish to 
undertake to deal with that themselves, and rightly so, 
because it was anti-dumping. I can tell you the first thing 
they did was of course to markedly increase the price per 
tonne of potash. That price stuck domestically and 
internationally, and interestingly the anti-dumping case 
was not proved against them. 
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M. Merrithew: Je crois que les recommandations ont 
recueilli a peu prés tous les suffrages. Nul doute que nous 
aurons bientdt des nouvelles a ce sujet. Votre observation 
est tout a fait valable. Nous cherchons le plus possible a 
utiliser ces charbons, car il s’en fait un bien piétre usage 
en ce moment. 


M. Gustafson: Et la pollution attribuée au charbon de 
Ouest, notamment au lignite par rapport au charbon 
plus dur? Y a-t-il quelque chose de positif a ce sujet? 


Mme N. Mitchell: Voila qui va répondre tout aussi 
bien a votre premier question. Dans le _ rapport 
concernant les débouchés du charbon de l'Ouest en 
Ontario, le secrétariat a fait allusion a un projet, soit la 
valorisation du charbon de faible qualité, parmi lequel 
sont ranges les lignites et les charbons subitumineux de 
V’Alberta. Quoique les premiers ministres et le vice- 
premier ministre n’aient pas déclaré officiellement qu ils 
veulent donner suite 4 ce rapport, un comité s'est 
constitué, composé de représentants de la Saskatchewan et 
de fonctionnaires d’Energie, Mines et Ressources Canada 
et de représentants de l'industrie, pour déterminer a 
quelles technologies on pourrait avoir recours afin de 
valoriser des charbons tels le lignite, avec la possibilité de 
les substituer au gaz naturel, par exemple, dans les zones 
industrielles de la Saskatchewan. Ces derniéres intéressent 
particuliérement la province, et nous sommes entiérement 
disposés a lui offrir notre collaboration. 


En réponse a votre deuxiéme question, je dirais que le 
lignite, tout comme les autres charbons de _ l’ouest 
canadien, comporte trés peu de soufre, soit 0,2 ou 0,3 p. 
100, alors que les charbons de l’Est en comportent 3 ou 4 
p. 100. Voila l’avantage qu‘offrent les premiers. 


M. Gustafson: J’ai une autre question, qui intéresse 
aussi ma région, mais cette fois au sujet de la potasse. La 
Saskatchewan éprouve en ce moment des difficultés 
majeures avec la potasse et avec ses exportations vers les 
Etats-Unis, questions fort importantes, €ertes, 
particuliérement pour l’Accord de libre-€change qui est 
envisagé, du moins de notre coté a la Chambre. Auriez- 
vous des renseignements a jour concernant notre 
production de potasse, et surtout notre situation vis-a-vis 
des Etats-Unis, ot se touvent nos débouchés, je crois? 


M. Merrithew: La question est devenue d’actualité l’an 
dernier, lorsque deux producteurs marginaux du Nouveau- 
Mexique ont convaincu le gouvernement ameéricain de 
porter plainte contre le Canada sous prétexte que ce 
dernier faisait du dumping. Suite a cette plainte, j’ai eu 
maintes fois l’occasion de rencontrer nos producteurs de 
potasse. Tant ceux du Nouveau-Brunswick que de la 
Saskatchewan ont exprimé le désir de s’en occuper eux- 
mémes, a juste titre, étant donné qu iil s’agissait 
d’antidumping. Je peux vous dire que la premiére chose 
qu’ils ont fait, bien entendu, c’est d’augmenter 
sensiblement le prix de la potasse a la tonne. Ces hausses 
de prix se sont appliquées tant au Canada qu’a l’échelle 
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As a result the farmers in the United States are now 
paying markedly increased prices for potash, and 
therefore their fertilizers will be more expensive. Maybe I 
should not be critical of another country, but it shows 
that when we become too protectionist and undertake to 
protect marginal mines like that, who pays? The 
consumer in the United States is paying, and 
meanwhile—I think this should have happened anyway— 
the prices are up. I think they are probably about 70% of 
capacity. With increased prices and increased production, 
things are looking much brighter than they did a few 
years ago. 


Mr. Gustafson: Will the free trade agreement solve 
some of these problems in an ongoing sense? 


Mr. Merrithew: Yes. As part of the program we had 
this morning on the Mineral Outlook Conference, Mr. 
Bob Herztein, a lawyer and an American, portrayed our 
mining industry and made a comparison with what 
happened with the lumber issue. He took the case back to 
the 1983 countervailing duty issue, and the 1985-86 one, 
and I happened to be caught up in both. He showed what 
happened in 1983, in which Canada was perceived to have 
won, and he showed what happened in 1986, which was 
resolved out of the court system. He showed what free 
trade will do for you, and he outlined three major dispute 
mechanism sections in the agreement that would help. 
This is an American lawyer, and he said we will be far 
better off with this free trade agreement than we would if 
we did not have it, as we did not have it when we made 
the decision in December 1986. 


Mr. Gustafson: I have one more question, and it relates 
to the uranium mining in Saskatchewan. I would like to 
know something about the deposits in terms of volume. 
What is the size of the deposits? What is happening in that 
industry and what impact have recent events in Europe 
had on that industry? Do you see it as a developing 
industry? 
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Mr. Merrithew: There is no question that significant 
new developments can take place in terms of uranium, 
both mining and processing. Interestingly you are right; it 
probably will take place in Saskatchewan. In Cigar Lake 
you have perhaps one of the richest bodies of uranium in 
the world. 


I have met with potential and real investors in Key 
Lake and that particular development. We think they 
have a very bright future. There is a great deal of interest 
in it from Europe, Japan and South Korea. Only about 
2% of our investment in uranium mining is American. It 
is not an issue for them, despite the fact that the free trade 
deal helped. We will not get into it now, but it helped the 
uranium industry there. 
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internationale, et chose  intéressante, la 
d’antidumping s’est terminée par un non-lieu. 


plainte 


Résultat, les cultivateurs américains paient désormais le 
gros prix pour la potasse, ce qui a influé sur le prix des 
engrais. Je ne devrais peut-étre pas formuler de reproches 
envers un autre pays, mais lorsqu’on veut étre trop 
protectionniste, lorsqu’on veut protéger de_ telles 
exploitations minieres marginales, qui en fait les frais, 
pensez-vous? C’est le consommateur américain, et entre- 
temps, je crois que cela aurait eu lieu de toute fagon—les 
prix augmentent. Il est probable que les exploitations 
minieres fonctionnent a quelque 70 p. 100 de leur 
capacité. Etant donné la hausse des prix et de la 
production, leur avenir semble beaucoup plus rose qu'il y 
a quelques années. 


M. Gustafson: L’Accord de _ libre-€change  va-t-il 


permettre de résoudre certains de ces problemes? 


M. Merrithew: Oui. Dans le cadre de la conférence sur 
les perspectives miniéres qui s’est tenue ce matin, un 
avocat américain, M. Bob Herztein, a dépeint la situation 
de notre industrie miniére en la comparant avec ce qui 
s’€tait passé dans le secteur du bois d’oeuvre. Il a parlé des 
droits compensatoires imposés en 1983, puis en 1985 et 
1986, et il arrive que j’étais impliqué dans les deux cas. I] 
a rappelé les événements de 1983, ou le Canada est 
apparemment sorti gagnant, ainsi que ceux de 1986, ou la 
question a été tranchée sans passer par les tribunaux. Il a 
mis en lumiére les avantages du _ libre-échange, en 
appuyant sur les trois articles qui ont trait au mécanisme 
de réglement des différends. C’est un avocat américain qui 
a dit: Accord de libre-é€change est tout a notre avantage, 
et il suffit pour s’en rendre compte de s’en remettre a la 
décision prise en décembre 1986. 


M. Gustafson: J’ai une derniére question, qui a trait a 
extraction de l’uranium en Saskatchewan. J’aimerais étre 
mieux renseigné au sujet de la valeur des gisements. 
Quelle est l’'ampleur de ces gisements? Que se passe-t-il 
dans cette industrie et quelle incidence les événements 
récemment survenus en Europe ont-ils eu sur elle? 


M. Merrithew: Il est évident qu’on pourrait voir de 
nouvelles découvertes trés importantes dans les domaines 
de exploitation et du traitement de l’uranium. Vous avez 
tout a fait raison de dire que cela va sans doute se faire en 
Saskatchewan. On trouve a Cigar Lake l’une des réserves 
d’uranium qui compte parmi les plus riches au monde. 


J’ai rencontré des investisseurs et des investisseurs 
potentiels qui s’intéressent au projet de Key Lake. Nous 
pensons que ce projet a un excellent avenir. Les 
Européens, les Japonais et les Sud-Coréens s’y intéressent 
beaucoup. Seuls 2 p. 100 environ des investissements dans 
Vexploitation de l’uranium au Canada sont Américains. 
Ce n’est pas une grosse affaire pour les Américains, méme 
si Vaccord de libre-echange a aidé. Nous n’allons pas nous 
lancer dans une discussion la-dessus maintenant, mais je 
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I could ask somebody to go into perhaps a bit more 
detail for your edification. I think it is a very bright new 
opportutnity in Saskatchewan. 


Dr. Perron: Madame Chairperson and Mr. Minister, 
the development in Saskatchewan will take place on many 
fronts. There is a lot of activity on many properties and 
there is also some interest for some properties in the 
Northwest Territories. By and large these developments 
will take place with very significant foreign investment, as 
the minister indicated, European in the main part with 
some Japanese and Korean contributions. The free trade 
agreement would protect the Canadian market of over 
$350 million in the U.S. As the market expands in the 
coming decades, you will see these projects come on 
stream. There is no doubt that very few countries in the 
world can compete with us. 


It has been said that Saskatchewan is the Saudi Arabia 
of uranium. I believe it is borne out by all the facts we 
have so far. 


Mr. Parry: I would like to welcome the minister to the 
committee. I was somewhat amused by the initial stage of 
your presentation. You stated that MESP activities involve 
all parts of the country from east to west, from the very 
top of Canada to the 49th Parallel. I wondered if the 
computer mapping that you have been promoting and 
glorifying has somehow eliminated all of Canada south of 
the 49th Parallel. It takes in most of our population and a 
considerable portion of our mining activities. I would 
accept it if you said that it was indicative of a very strong 
western orientation. [am sure my colleages would also. 


On the mineral development agreements you mention 
On page 6, you say that your department administers these 
MDAs, which have a total commitment of $143 million— 


Mr. Merrithew: That is over a five-year period. 


Mr. Parry: We are basically talking about federal 
commitment in the region of $28.6 million per year for 
five years. 


Mr. Merrithew: Yes. 
Mr. Parry: Are they all phased similarly? 


Mr. Merrithew: No. Five expire in 1988-89 and another 
four expire in 1988-89-90. There are two in the Northwest 
Territories in 1991 and in the Yukon in 1990. 
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peux néanmoins dire que cela aura aidé l’industrie de 
uranium la-bas. 


Si vous le voulez, un de mes collaborateurs pourrait 
peut-étre vous fournir des renseignements 
supplémentaires la-dessus. Quoi qu’il en soit, je pense que 
c’est une merveilleuse occasion pour la Saskatchewan. 


M. Perron: Madame la présidente, monsieur le 
ministre, le travail dans ce domaine en Saskatchewan sera 
mené sur plusieurs fronts. Il y a beaucoup d’activités a 
divers endroits et l’on s’intéresse également a certains 
terrains dans les Territoires du Nord-Ouest. De fagon 
générale, ces projets seront entrepris avec des 
investissements étrangers massifs, et, comme l’a dit le 
ministre, les principaux participants seront Européens, 
Japonais et Coréens. Quant a l’entente de libre-echange, 
celle-ci protégerait le marché canadien qui compte pour 
plus de 350 millions de dollars aux Etats-Unis. Ces 
differents projets seront lancés au fur et a mesure que le 
marché s’élargira au cours des décennies a venir. Il est 
clair que trés peu de pays pourront nous faire 
concurrence sur ce plan. 


Il a déja été dit que la Saskatchewan et |’Arabie 
Saoudite de l’uranium, et je pense que tous les faits que 
nous avons pu recueillir jusqu ‘ici iraient dans ce sens. 


M. Parry: J’aimerais souhaiter la bienvenue au ministre 
devant le Comité. J’ai été quelque peu amusé par ce que 
vous avez dit au début de votre exposé. Vous avez déclaré 
que les activités entreprises en vertu du Programme des 
minéraux et des sciences de la terre visent toutes les 
régions du Canada, d’est en ouest et du nord du pays 
jusqu’au 49° paralléle. Je me suis demande si le service de 
cartographie informatisé dont vous ne cessez de faire la 
promotion et de chanter les louanges a je ne sais trop 
comment éliminé toute la partie du Canada située au sud 
du 49° paralléle. Cette bande compte le gros de la 
population et une part importante de nos activités 
miniéres. Je serais cependant prét a accepter cela si vous 
disiez que c’était indicatif d’une orientation trés fortement 
axée sur |’Quest, et je suis certain que ce serait également 
le cas de mes collégues. 


Pour ce qui est des ententes sur l’exploitation minérale 
dont vous parlez a la page 7, vous dites que ces ententes, 
pour lesquelles vous avez prévu l’affectation de 143 
millions de dollars. . . 


M. Merrithew: Sur une période de cing ans. 


M. Parry: Il est donc question d’un engagement fédéral 
de Vordre de 28,6 millions de dollars par an, sur cinq ans, 
n’est-ce pas? 


M. Merrithew: Oui. 


M. Parry: Et ces ententes sont-elles toutes €chelonnées 
de la méme fagon? 


M. Merrithew: Non. Il y en a cing qui expirent en 
1988-1989 et quatre autres qui  expirent en 
1988-1989-1990. Il y en a encore deux qui concernent les 
Territoires du Nord-Ouest qui vont arriver a terme en 
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Mr. Parry: We are looking at something in the range of 
$28 million to $30 million per year as the federal 
government’s contribution? 


Dr. Perron: That is correct. 


Mr. Parry: Also on page 6, could you clarify “reactive 
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acid mine tailings” 


Dr. M.D. Everell (Assistant Deputy Minister, Mineral 
and Energy Technology Sector, Department of Energy, 
Mines and Resources): This is the type of tailing that we 
get mainly from the exploitation of deposits of sulphite, 
like copper, lead or zinc sulphite. 
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After the treatment of the ore, tailings are produced. 
The ideal really is to find better ways to manage these 
tailings in the future, because estimations right now give 
us the impression that in the next 10 years we could end 
up spending maybe $1 billion to $2 billion just to manage 
the tailings produced by our sulphide mines. So especially 
CANMET, but in collaboration with industry and the 
provinces, is putting together a program right now to try 
to improve the situation by reducing the cost of tailings 
management for industry. In fact, also some of the tailings 
belong to the Crown, so we are working for the Crown as 
well as industry. 


Mr. Parry: Also in your opening statement, I think 
mention was made of extracting remaining values from 
tailings. But I take it that those would not be the sulphide 
tailings, that we are talking about gold tailings principally. 


Dr. Everell: Absolutely. 


Mr. Parry: Is there any research presently being funded 
Or undertaken into heap leaching, bacterial leaching, 
those sorts of methods? 


Dr. Everell: Yes, I would say that in general CANMET 
is quite involved in looking at heap leaching, but in the 
end in must be done by industry. A number of projects 
have taken place in Canada. Of course, Canada is not as 
well endowed regarding the weather as is the southern 
United States, so it is a bit more difficult in Canada to do 
heap leaching. Some projects are being started or have 
been done at the pilot level, but the process is still under 
development. Which was your. . .? 


Mr. Parry: Bacterial leaching. 


Dr. Everell: Of course, the best example we have there 
is with Denison. The bacteria are hard at work. They are 
trying to extract uranium successfully at Denison. 
Bacteria are also being used and applied by CANMET 
these days to clean some environmental problems. Some 
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1991 et encore une autre, celle-ci pour le Yukon, qui 
expirera en 1990. 


M. Parry: La contribution du gouvernement fédéral 
serait donc de l’ordre de 28 a 30 millions de dollars par 
an, n’est-ce pas? 


M. Perron: C’est exact. 


M. Parry: Vous parlez par ailleurs a la page 8 de votre 
mémoire de «résidus miniers acides réactifs». Pourriez- 
vous m’expliquer de quoi il s’agit? 


M. M.D. Everell (sous-ministre adjoint du Secteur de la 
technologie des minéraux et de l’énergie, ministére de 
l’Energie, des Mines et des Ressources): Il s’agit du genre 
de résidus qui proviennent de l’exploitation de dépdts de 
sulfate, notamment le sulfate de cuivre, de plomb ou de 
zinc. 


Le traitement du minerai produit des résidus. L’idéal 
serait de trouver de meilleurs moyens d’utiliser ces 
résidus, car d’aprés les prévisions qu ont été faites nous 
devrons dépenser au cours des 10 prochaines années 1 a 2 
milliards de dollars sur la simple gestion des résidus 
produits par nos mines de sulfate. C’est pourquoi 
CANMET, en collaboration avec l’industrie et les 
provinces, est en train de mettre au point un programme 
visant a améliorer la situation en réduisant le cout de la 
gestion des résidus pour l’industrie. D’ailleurs, certains de 
ces résidus appartiennent a la Couronne et nous 
travaillons donc autant pour la Couronne que pour 
Vindustrie. 


M. Parry: I] me semble que vous avez également parlé 
dans votre déclaration de la question d’essayer d’extraire 
quelque chose des résidus. Mais j’imagine que vous ne 
vouliez pas parler la des résidus de sulfate, mais surtout 
des résidus d’or. 


M. Everell: Exactement. 


M. Parry: Avez-vous financé ou entrepris des travaux 
de recherche sur la lixiviation en tas, sur la lixiviation 
bactérienne ou sur d’autres méthodes du genre? 


M. Everell: Oui, CANMET est en train d’étudier la 
lixiviation en tas, mais au bout du compte, il faudra que 
ce soit fait par l’industrie. Plusieurs projets ont été 
entrepris au Canada. Le probléme, bien sur, c’est que le 
Canada n’est pas aussi gaté, coté conditions 
météorologiques, que le sud des Etats-Unis, et il est donc 
un peu plus difficile de faire chez nous de la lixiviation en 
tas. Certains projets ont été lancés ou entrepris a titre 
d’essais, mais le processus n’est pas encore tout a fait au 
point. Quel était votre. . .? 


M. Parry: La lixiviation bactérienne. 


M. Everell: Bien sur, le meilleur exemple que nous en 
avons est du coté de Denison. Les bactéries travaillent tres 
fort. On essaie d’extraire de l’uranium a Denison. On 
utilise également des bactéries ces jours-ci a CANMET en 


vue de régler certains problemes environnementaux. 
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bacteria have a taste for heavy metals, so we try to 
domesticate these things to work for us. In fact, we have 
one of the best groups in Canada working in CANMET, 
totally with industry, trying to apply what could be high- 
tech work to a_ basic industry like mining, and 
successfully. 


Mr. Parry: | am aware that EMR has spent some 
money on fuel alcohols. Does that basically come under 
the energy section? Are we straying into the energy side of 
the operation there? 


Dr. Everell: Yes, you are right. It is managed by the 
Energy Commodity Sector of our department. 


Mr. Parry: That, of course, would lap into your 
responsibilities with regards to forestry as well, would it 
not, Gerry? Perhaps following up on that, is the fluidized 
bed combustion project simply on coal or is it also 
looking at burning wood on fluidized bed? 


Ms N. Mitchell: At the moment, the unit at Chatham is 
on coal. but it was intended to be capable actually to burn 
wood as well. In fact, that is one of the benefits of 
fluidized bed, because it can provide a capability to burn 
all kinds and varieties and grades of fuels, from wood to 
all kinds of coals to maybe even rubber tires. 


The unit at Summerside, which is another small 
fluidized bed, also burns coal, and I know the base is quite 
interested in testing out wood in that unit as well. It 
requires some additional capital facilities in terms of other 
handling equipment to handle the wood in addition to the 
coal. 


Mr. Parry: So back with fluidized bed and also the cold 
water project, is there any commercial value to the 
energy? Is it being marketed in any way? Is there an 
intention to turn these over to some private energy 
company for commercial use in the future? 
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Ms N. Mitchell: The unit at Chatham has now been 
turned over to the New Brunswick Electric Power 
Commission. They are continuing to operate it, and will 
continue to do so, both to produce electricity and as well 
as to undertake some additional testing of coals. 


Mr. Parry: So it is part of their base-load capacity now. 


Ms N. Mitchell: Absolutely. Well, peak load and then 
base load. 


Mr. Parry: They are using it for peak load. 
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Certaines bactéries ont un gott prononcé pour les métaux 
lourds et nous essayons de les apprivoiser pour qu’elles 
nous rendent service. D/’ailleurs, nous avons chez 
CANMET l'une des meilleurs €quipes du pays et au coté 
de l'industrie, elle essaie d’apporter une technologie de 
pointe a l’industrie de base qu’est l’exploitation miniere, 
et elle réussit assez bien. 


M. Parry: Je sais que le ministére de l’Energie, des 
Mines et des Ressources a consacré certains fonds aux 
alcools carburants. Cela reléve-t-il du secteur €nergétique? 
S’agit-il la de quelque chose qui reléve plutdt du cdté 
énergie des activités du ministére? 


M. Everell: Oui. Cela reléve du secteur des ressources 
énergétiques du ministere. 


M. Parry: Et cela chevaucherait bien str _ vos 
responsabilités en matiére de foresterie, n’est-ce pas? Et, 
toujours dans le méme ordre d’idées, le projet de 
combustion en lit fluidisé vise-t-il uniquement le charbon 


ou bien allez-vous également vous pencher sur la 
combustion de bois sur lit fluidisé? 
Mme N. Mitchell: A lheure actuelle, l’unité a 


Chatham nutilise que le charbon, mais elle a été 
construite en vue de pouvoir briler également du bois. 
D’ailleurs, c’est la l'un des avantages de la combustion en 
lit fluidisé, car ce processus permet de bruler toutes sortes 
de catégories de combustibles, qu’il s’agisse de bois ou de 
différentes qualités de charbon, et l’on pourrait peut-étre 
méme utiliser des pneus en caoutchouc. 


Quant a l’unité de Summerside, une autre petite unité 
de combustion en lit fluidisé, celle-ci brule elle aussi du 
charbon, et je sais qu’on a envie de voir la-bas aussi ce 
que cela donnerait avec le bois. Il faudrait cependant faire 
certains investissements car il faudrait disposer de 
matériel différent pour pouvoir traiter et le bois et le 
charbon. 


M. Parry: Pour ce qui est de la combustion en lit 
fluidisé et du projet charbon-eau, l’€nergie produite a-t- 
elle une valeur commerciale? Va-t-on la commercialiser 
d’une fagon ou d’une autre? Compte-t-on céder un jour 
tout cela a une centrale privée pour qu’elle puisse en faire 
une utilisation commerciale? 


Mme N. Mitchell: L’unité 4 Chatham a été cédée a la 
New Brunswick Electric Power Commission. Celle-ci 
V’exploitera en vue de produire de l’électricité et elle 
compte également faire de nouveaux essais avec du 
charbon. 


M. Parry: Cette unité fait donc partie de sa capacité de 
base. 


Mme N. Mitchell: Absolument. Ou plut6t sa capacité 
de pointe et sa capacité de base. 


M. Parry: Elle s’en sert pour satisfaire la demande en 
période de pointe. 


25-5-1988 


[ Texte | 


Ms N. Mitchell: Yes. One of the reasons we did the 
demonstration project for both utilities was the Nova 
Scotia Power Corporation were looking at that as their 
next generation unit, probably for the early 1990s, about 
1992, because of its capacity to reduce sulphur by about 
90%. 


Mr. Parry: And Charlottetown? 


Ms N. Mitchell: Charlottetown is a cold-water fuel 
demonstration. Our particular demonstration is complete 
now, but CANMET will be using that facility in the 
summer to continue getting the few remaining bugs out of 
their own design for a burner which can be used to burn 
cold-water fuel. CANMET, in conjunction with NRC, 
have probably developed the world’s finest burner to be 
able to use that fuel. Since it is very abrasive, it needs 
something like ceramics to be able to burn it properly. 


I think in our cold-water fuel and in our fluidized bed 
combustion we probably have done a lot in terms of 
putting Canada in the forefront of these new technologies. 
There is a lot of potential for them to be commercially 
used in the Maritimes. 


Mr. Parry: The processing—smelting, fabrication—of 
mineral products is an area that concerns me, particularly 
since there is a fair amount of mining in the area that I 
represent. Can we point to any significant developments 
in the last year or so, not only in terms of technology but 
in terms of processing in Canada? 


Dr. Everell: If you want to talk about technology, of 
course I am the right person, since I am responsible for 
CANMET. As you may know, a lot of new technology is 
being developed at CANMET to better process our 
resources. 


You may have read in the last few months that 
presently we are quite involved with the Iron Ore 
Company of Canada in trying to extract additional metal 
values from tailings. This is one way to get more out of 
our resources. Of course at the same time, CANMET is 
involved with other companies to develop cleaner 
processes. Processing of ores, especially with 
pyrometallurgy, is subject to a lot of potential pollution 
problems. So we are involved in this, with a certain 
number of companies, to reduce, for instance, the 
possibility of producing additional sulphur in the air with 
certain treatment processes for sulphide ores. 
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Mme N. Mitchell: Oui. L’une des raisons pour 
lesquelles nous avons entrepris ce projet de d€monstration 
pour les deux services d’utilité publique est que la Nova 
Scotia Power Corporation pensait pouvoir s’en servir 
comme unité de la génération suivante, sans doute aux 
environs de l’année 1992, et ce a cause de sa capacité de 
réduire le soufre d’environ 90 p. 100. 


M. Parry: Et Charlottetown? 


Mme N. Mitchell: L’unité de Charlottetown est une 
unité de démonstration pour l’utilisation de charbon-eau. 
La démonstration en tant que telle est terminée, mais 
CANMET se servira de ces installations pendant l’été dans 
Vespoir de trouver une solution aux derniers hics de son 
propre modele de bruleur qui peut étre utilisé pour 
brailer le combustible charbon-eau. CANMET 
conjointement avec le Conseil national de recherche, a 
sans doute mis au point le meilleur bruleur au monde qui 
peut étre utilisé pour ce combustible. Etant donné que 
c’est tres abrasif, il faut utiliser une matiere comme la 
céramique pour que la combustion se fasse bien. 


Je pense qu’en ce qui concerne la technologie charbon- 
eau et celle de la combustion en lit fluidisé, nous avons 
fait beaucoup pour que le Canada soit en premiere ligne 
pour ce qui est de ces nouvelles technologies. Il existe un 
grand nombre d’utilisations commerciales potentielles 
qu’on pourrait en faire dans les Maritimes. 


M. Parry: Le traitement—c’est-a-dire la fusion et la 
fabrication—de produits minéraux est une question qui 
m’intéresse beaucoup étant donnée surtout que 
Vexploitation miniére est une activité importante dans la 
région que je représente. Pourriez-vous me donner des 
exemples de nouvelles percées qui auront été faites au 
cours de la derniére année du coté non seulement de la 
technologie, mais également du traitement tel que cela se 
pratique ici au Canada? 


M. Everell: Si vous voulez parler de technologie, c’est a 
moi qu’il vous faut en effet vous adresser, car je suis 
responsable de CANMET. Comme vous le savez peut-étre, 
cest CANMET qui élabore un grand nombre des 
nouvelles technologies sur lesquelles nous misons pour 
mieux traiter nos ressources. 


Vous aurez peut-étre pu lire dans la Presse ces derniers 
mois que nous travaillons aux cotés de la Iron Ore 
Company of Canada en vue d’extraire encore d’autres 
ressources métallurgiques des résidus. C’est la une fagon 
de mieux mettre en valeur nos ressources. En méme 
temps, CANMET participe aux cétés d’autres compagnies 
a l’élaboration de procédés plus propres. Le traitement 
des minerais, et je songe ici tout particulierement a la 
pyrométallurgie, pose un grand nombre de problémes de 
pollution potentiels. C’est pourquoi nous avons entrepris, 
avec un certain nombre de sociétés, d’essayer de réduire la 
possibilite de production supplémentaire de soufre dans 
Yair avec certains procédés de traitement utilisés pour les 
minerais sulfureés. 
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That is a general answer. Many technologies are being 
approached. But in terms of projects, Mr. Perron will. . . 


Dr. Perron: We could add the areas in which we work: 
deep, underground mining in northern Ontario; 
developing safer techniques of mining; rock-burst studies 
that we undertook three years ago now—a very successful 
program, very useful to allow us to mine at lower 
depths—new techniques of managing open-pit mines; 
management of the equipment in open-pit mines to 
minimize the needless movement of machinery and men 
in mines; many areas of work involving reduction of 
polluting emissions in mines such as exhaust fumes from 
diesel machinery through appropriate filters. A wide 
variety of initiatives of that nature are now being 
conducted with the private sector and for which we have 
private sector partners in order to put the technology into 
the marketplace. 


Mr. Parry: The mineral and metals policy, which was 
released in May 1987, had as one of its objectives the 
assisting of workers in communities affected by industrial 
adjustment. Does your ministry have any responsibility in 
that area, or is this given to Canada Manpower? 


S635 


Mr. Merrithew: No, the issue has been discussed for 
many, many years, as you probably know. When I was a 
provincial minister of mines, it was brought up then. I 
guess maybe it grew out of the association meeting with 
mines ministers. 


We have received the report. Of course, we now have 
mechanisms in place by which we can help certain 
communities in terms of adjustment when they have 
difficulties like that. You are talking about single-industry 
towns. 


Mr. Parry: Yes. 


Mr. Merrithew: Yes, and adjustments when mines close 
down. In my time in this field, I just detect among 
industries—and you cannot make a blanket statement 
because it may not apply to everyone—that when mines 
are closed for whatever reason, as they inevitably are, 
there seems to be more of a sympathy or an empathy on 
the part of an employer to deal with the social 
consequences of its closing. We know how difficult it is. I 
think there are new ways of doing this as well. There are 
definitely fewer mine towns than there used to be, in 
which they actually would set up a whole community and 
then have the problem when the ores ran out. However, 
many of those programs come from other departments 
like CEIC or Labour. 
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C’est la une réponse générale a votre question. On est 
en train d’envisager toutes sortes de technologies. Quant 
au projet en tant que tel, M. Perron pourra. . . 


M. Perron: Je pourrais peut-€tre vous parler des 
domaines dans lesquels nous travaillons: L’exploitation 
souterraine a grande profondeur dans le nord de 
Ontario, lélaboration de techniques d’exploitation 
miniére plus sures; les études sur l’éclatement de la 
matiére rocheuse que nous avons entreprises il y a 
maintenant trois ans—et je signalerais que c’est un 
programme qui a tres bien réussi et qui nous aura permis 
d’exploiter des mines a des profondeurs plus grandes; de 
nouvelles techniques pour la gestion des mines a ciel 
ouvert; la gestion du matériel utilisé dans les mines a ciel 
ouvert pour minimiser le déplacement inutile de 
machines et d’hommes dans les mines; la réduction des 
émissions polluantes dans les mines, notamment les gaz 
d’échappement des appareils diésel, grace a utilisation de 
filtres appropriés, etc. Une vaste gamme d initiatives du 
genre ont été entreprises avec des partenaires du secteur 
privé en vue de lancer ces nouvelles technologies sur le 
marche. 


M. Parry: L’un des objectifs de la politique sur les 
minerais et les métaux, diffusé en mai 1987, était d’aider 
les travailleurs dans les localités touchées par le 
rajustement industriel. Le ministére que vous dirigez a-t-il 
une part de responsabilités dans ce domaine ou bien cela 
reléve-t-il uniquement du ministére du Travail? 


M. Merrithew: Non, comme vous le savez sans doute, 
on discute de la question depuis de tres nombreuses 
années. On en parlait déja alors que j’étais ministre 
provincial des mines. Cela remonte peut-étre a la réunion 
avec les ministres des mines. 


Nous avons regu le rapport. Sont maintenant bien sur 
en place des mécanismes grace auxquels nous pourrons 


aider certaines localités lorsqu’elles rencontrent des 
problemes du genre. Vous parlez des villes mono- 
industrielles. 

M. Parry: Oui. 


M. Merrithew: Il y a des problemes lorsque les mines 
ferment. J’ai, quant a moi, constaté parmi les industries— 
Von ne peut, bien str, pas généraliser, car cela ne 
s’applique pas forcément a tout le monde—que lorsque les 
mines ferment quelle qu’en soit la raison, et c’est 
inévitable—l’employeur semble étre plus compatissant et 
plus compréhensif quant aux conséquences sociales de la 
fermeture. Nous savons a quel point cela est difficile. Je 
pense que, la aussi, il y a eu de nouvelles fagons de faire. 
Il y a assurément moins de villes miniéres que dans le 
temps, ou toute une localité était créée et ou il y avait 
toutes sortes de problemes des qu’il n’y avait plus de 
minerai. Cependant, un grand nombre de ces problemes 
relevent d’autres ministeres, comme par exemple celui de 
Emploi et de l’ Immigration ou celui du Travail. 
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The Chairman: Mr. Minister, on page 4-50, the 
Geological Survey of Canada’s funding is down from 
$109.9 million actually spent in the year 1986-87 to 
$107.4 million in these main estimates. The Atlantic 
Geoscience Activity has taken the largest cut on a 
percentage basis. Why is the funding for the Geological 
Survey of Canada activities going down? 


Mr. D.C. Findlay (Director General, Continental 
Geoscience and Mineral Resources, Department of 
Energy, Mines and Resources): Madam Chairman, part of 
the reason for the changes in funding has to do with the 
profiling of expenditures of a number of external 
programs that are being conducted by parts of the 
Geological Survey of Canada, including the Atlantic 
Geoscience Division. I suspect this is the reason for that 
particular case. 


The Chairman: No, excuse me. I do not understand. It 
appears here that the Atlantic Geoscience Activity has 
taken the largest cut on a percentage basis. It is on page 
4-50. 


Dr. Perron: Madam Chairman, if I may add to that, 
there are a couple of programs that had a significant 
impact on the activities of the Atlantic Geoscience Centre. 
First, the centre was involved in studies offshore related to 
sovereignty issues. This was a special mandate we had 
from External Affairs and for which special studies were 
conducted to ascertain mineral potential or hydrocarbon 
potential in the various regions under litigation. This had 
an influence first. 


Second, we have a program called the Northern Oil 
and Gas Action Program or NOGAP, which is a program 
spearheaded by the Department of Indian Affairs and 
Northern Development for which we manage part of the 
research work. Some of the managers or some of the 
employees were located in the Atlantic Geoscience 
Centre, and this is where you see this reduction. 


I would say on average we have over 30% of our 
budget on specific sunset programs. There is a fairly 
complex evolution of programs that are phased in and 
phased out. We have a constant movement of resources, 
which is somewhat difficult to track. Basically it is related 
to the termination of sunset programs that may have an 
impact on part of the organization, as the case may be. 


The Chairman: What is the Capital Acquisition and 
Replacement Plan? 


Dr. Perron: On that subject, Madam Chairman, we are 
facing a major problem. It is a problem with which EMR 
and specifically the Mineral and Earth Science Program 
of EMR has been wrestling for a few years now. 


Energie, mines et ressources 


46 : 23 


| Traduction| 


La présidente: Monsieur le ministre je constate, a la 
page 4-55, que le budget de la Commission géologique du 
Canada est passé de 109,9 millions de dollars, qui ont 
véritablement été dépensés—en 1986-1987 a 107,4 
millions de dollars. Quant au Centre géoscientifique de 
VAtlantique, c’est celui-ci qui a été frappé de la plus forte 
réduction, en pourcentage. Pourquoi le financement 
prévu pour les activités de la Commission géologique du 
Canada a-t-il été réduit? 


M. D.C. Findlay (directeur général, 
continent et des ressources minérales, ministere de 
V’Energie, des Mines et des Ressources): Madame la 
presidente, cela est en partie imputable a l’échelonnement 
des dépenses correspondant a un certain nombre de 
programmes externes qui ont été entrepris par certains 
services de la Commission géologique du Canada, 
notamment la Division géoscientifique de l’Atlantique. 
J’ai impression que c’est a cela qu’est du cette différence 
dans ce Cas-ci. 


direction du 


La présidente: Excusez-moi, mais je ne comprends pas. 
Il semble que ce soit lactivité géoscientifique de 
Atlantique qui a été frappée par la plus grosse réduction 
en pourcentage. Cela figure a la page 4-55. 


M. Perron: Madame la présidente, si vous me 
permettez d’ajouter quelque chose, il y a un certain 
nombre de programmes qui ont eu une trés forte 
incidence sur les activités du Centre géoscientifique de 
VAtlantique. Premiérement, le Centre a participé a des 
études, au large des cOtes, se rapportant a des questions de 
souveraineté. [1 s’agit la d’un mandat spécial qui lui a été 
donné par le ministere des Affaires extérieures et dans le 
cadre duquel un certain nombre d'études ont été 
entreprises en vue de verifier le potentiel des différentes 
régions en  litige en matiere de minerais_ et 
d’hydrocarbures. Voila pour la premiere chose. 


Deuxiémement, nous avons un programme intitulé 
Programme d’initiative pétroliére et gaziere dans le Nord 
ou PIPGN, qui a été lancé par le ministére de Affaires 
indiennes du Nord mais dont nous gérons l’aspect 
recherche. Certains des gestionnaires ou employés se 
trouvaient au Centre géoscientifique de l’Atlantique, et 
c’est ce qui explique cette réduction. 


Je dirais qu’en moyenne 30 p. 100 de notre budget 
correspond a des programmes temporisés. Il s’agit d’une 
suite assez complexe de programmes qui démarrent et qui 
se terminent a des moments différents. Il y a sans cesse des 
ressources qui sont déplacées par ci par la, et c’est assez 
difficile de suivre ce qui se passe. L’expiration de certains 
programmes temporisés peuvent avoir une incidence sur 
certaines activités de l’organisation. 


La présidente: Qu’est-ce que le plan d’achat et de 
remplacement des biens d’€quipement? 


M. Perron: Dans ce domaine, madame la présidente, 
nous nous trouvons confrontés a un grave probleme. Il 
s’agit d’un probléme qui mobilise depuis plusieurs années 
déja le ministére de |’Energie, des Mines et des ressources 
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Following the economic statement of November 1984, 
there has been a significant cutback in the budget of 
EMR. Most of the impact has been borne—as was 
explained by Minister Masse, I believe, when we last met 
you—by the Energy Program of EMR. However, there 
was some spill over because some of these activities were 
carried out in part by the mineral and earth science 
program of the department. 


° 1640 


In dealing with the successive cutbacks, we have tried 
to manage the situation as well as we could, bearing in 
mind the guidelines that were given to us by central 
agencies including Treasury Board that as much as 
possible, we should try to protect the employees and 
facilitate their transter when jobs are no longer available 
for them. 


50, theresis..4a, complex, set ota cules: sfirst, that sithe 
employees who are on term employment after a certain 
number of years have to be granted indeterminate status, 
which then gives them protection when they are declared 
surplus. We have a long period of time in which we have 
to carry these employees until they find some other 
employment or are sort of recycled on new programs. 


To make a long story short, the result is that we found 
ourselves in a shrinking envelope with little elbow room 
left and in order to cope with the cutback of $50 million 
that was decreed in 1986, if I am right, of which the 
mineral and earth science program of EMR covered about 
$30 million, we had to give up the capital replacement 
program. 


Now we are finding ourselves with a lot of employees 
in antiquated facilities that in some instances do not meet 
the modern standards of health and hygiene or safety. We 
have a lot of backlog to catch up with. 


We conducted a major study last year with a consultant 
at a cost of $1 million, if I remember correctly, to analyse 
our needs in the coming decades and the figure is quite 
frightening. It is not something we can undo from within 
the department and that has added up to the problem we 
are facing with the large, obviously, inventory of scientific 
equipment which in many instances needs to be renewed. 


We sometimes have a cynical comment that the 
equipment we find in our laboratories you would find 
better in some high schools or CEGEPs of the country, so 
it is quite clear that this is a challenge we have to meet. It 
is a Challenge we are taking very seriously. 
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et plus particuliérement les responsables du Programme 
des minéraux et des sciences de la terre. 


Suite au budget de novembre 1984, le budget du 
ministére a été sérieusement réduit. Comme vous l’a je 
pense expliqué le ministre, M. Masse, lors de sa derniére 
rencontre avec vous, c’est surtout le Programme 
énergétique du ministére de l’Energie, des Mines et des 
Ressources qui a été frappé par cette réduction. [I] y a eu 
en quelque sorte débordement car certaines de ces 
activités ont été assumées dans le cadre du programme des 
minéraux et des sciences de la terre. 


Pour vous parler des compressions suscessives, nous 
avons tenté de gérer nos opérations du mieux que nous le 
pouvions, dans le cadre des directives que nous avait 
données les organismes centraux, y compris le Conseil du 
Trésor. Nous avons cherché a protéger les employés et a 
faciliter leur transfert lorsque nous n’avions plus d’emploi 
pour eux. 


Les réglements sont donc complexes: premierement, les 
employés temporaires doivent recevoir, apres un certain 
nombre d’années, un statut indéterminé, ce qui les 
protége lorsqu’ils sont déclarés excédentaires. Nous 
devons conserver ces employés pendant longtemps jusqu’ 
a ce quils trouvent un autre emploi ou qu/ils soient 
recyclés dans le cadre de nouveaux programmes. 


Pour résumer, il s’ensuit que nous nous trouvons dans 
une enveloppe qui se réduit et que nous avons tres peu de 
marge de manoeuvre pour faire face aux compressions de 
S50 millions de dollars annoncées en 1986, si je ne me 
trompe pas, et le programme des minéraux et des sciences 
de la terre représentait 30 millions de dollars; nous avons 
donc du laisser tomber le programme de remplacement 
de capital. 


Nous nous trouvons maintenant avec beaucoup 
d’employés dans des installations désuetes; dans bien des 
cas elles ne répondent pas aux normes modernes de santé 
et de sécurité au travail. Nous devons rattraper beaucoup 
de retard également. 


Nous avons fait une étude importante l’automne 
dernier de concert avec un expert-conseil. Si je me 
souviens bien, il nous a couté un million de dollars, car 
nous voulions analyser nos besoins pour les décennies 
futures, les chiffres étaient terrifiants. Ce n’est pas quelque 
chose que nous pouvons démenteler au sein du ministere, 
par conséquent, le probleme se trouve exacerbé car nous 
faisons face, bien str, a un inventaire important 
d’équipement scientifique qui dans bien des cas devrait 
étre renouvelé. 


On entend parfois la remarque que les écoles 
secondaires ou les CEGEP du _ pays possedent un 
é€quipement meilleur que celui que l’on trouve dans nos 
laboratoires. Il est donc tres évident que nous devons 
relever le défi. C’est un défi que nous prenons tres au 
sérieux. 
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Management has been working very hard with 
Treasury Board in trying to develop formulas that would 
allow us to re-establish the leading edge that these 
facilities should have. We have not found a solution yet. It 
is quite clear that it will have to be done at the expense of 
some reduction in the manpower. We have come to the 
conclusion that we would be better served with a slightly 
reduced manpower, preferably through attrition, but 
provided with better facilities and more modern 
equipment in some instances. 


The Chairman: Dr. Perron, did Treasury Board set the 
criteria or the rules that gave some parts of EMR CARP 
funding such as the surveying and mapping and earth 
sciences, whereas other parts of EMR did not receive. . .? 


Dr. Perron: Well, Madam Chairman, it is part of the 
catch-22 rule at times. It is like a moving target. At one 
point in time the department was negotiating with 
Treasury Board for a capital acquisition and replacement 
program and Surveys and Mapping was in the position at 
that point in time to put forward a program which was 
accepted by Treasury Board. 


Other parts of the department had to do extensive 
studies and by the time they came up with their 
conclusions, they were caught in the spending freeze and 
then in the cutback of $30 million, which meant we lost 
this opportunity. One sector of the program managed to 
get in and the other two sectors were left behind, so we 
are trying to cope with that. It is a very, very difficult 
Situation, I can tell you that. It is felt that way by 
managers, as well. 


° 1645 


Mr. Stuart Mensforth (Assistant Deputy Minister, 
Finance and Administration, Department of Energy, 
Mines and Resources): To add to what Dr. Perron says, we 
started this work in 1983 with the Treasury Board because 
they felt that the plan to replace the equipment of our 
scientists had been ad hoc for too long. 


As Dr. Perron said, the Surveys and Mapping Branch 
and the Earth Physics Branch managed to establish their 
inventories, develop their formulas, and win their plans. 
But by the time the other sides of the department got 
there, the well had run dry. 


To give you some numbers, we feel that we have been 
missing money to the extent of $14 million a year for the 
last two to three years. If they had approved all our plans, 
based on the success we had with Surveys and Mapping 
and Earth Physics, that is the kind of additional capital 
money we would have been winning. 


To go to the other side, which is equally disturbing— 
the facilities management plant—we did get an approval 
from the Treasury Board to survey all of the special 
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Les gestionnaires ont travaillé en étroite collaboration 
avec le Conseil du Trésor pour mettre au point des 
formules qui nous permettraient de revenir en téte sur le 
plan de nos installations. Nous n’avons pas encore trouvé 
de solution. Il est bien clair que ¢a devrait étre fait au prix 
d’une réduction de main-d’oeuvre. Nous en sommes 
venus a la conclusion que nous pourrions mieux 
fonctionner avec une main-d’oeuvre légérement réduite, 
de préférence par voix d’attrition, tout en obtenant de 
meilleures installations et un équipement plus moderne 
dans certains cas. 


La présidente: Monsieur Perron, le Conseil du Trésor a- 
t-il établi des critéres ou des réglements pour accorder a 
EMR CARP un financement pour les _ levés, la 
cartographie et aussi les sciences de la terre, alors que 
d’autres secteurs d’ EMR n’ont rien regu. . .? 


M. Perron: Madame la présidente, c’est un peu un 
question sans issue. C’est comme une cible mouvante. A 
un moment donné le ministére négocie avec le Conseil du 
Trésor au sujet du programme d’immobilisations pour les 
achats et les remplacements et les levés de la cartographie 
étaient en mesure a ce) moment de presenter. un 
programme qui a été accepté par le Conseil du Trésor. 


D’autres secteurs du ministére devaient faire des études 
exhaustives et lorsqu’ils en sont venus a leur conclusion, 
ils ont été pris dans les réductions de dépenses, la 
compression de 30 millions de dollars, ce qui signifie que 
nous avons perdu cette occasion. Un des secteurs a pu 
aller de l’avant et deux autres ont été laissés pour compte, 
par conséquent nous essayons de nous en tirer. Il s’agit 
d’une situation extremement difficile, je vous l’assure. Les 
gestionnaires voient également la chose de cette fagon. 


M. Stuart Mensforth (sous-ministre adjoint, Finances et 
administration, ministére de l’Energie, des mines et des 
ressources): A la suite de M. Perron, j’ajouterai que nous 
avons commencé ce travail en 1983 auprés du Conseil du 
Trésor car ces derniers étaient d’avis que le projet de 
remplacement de l’€quipement de nos chercheurs avait 
été un projet spécial pendant trop longtemps. 


Comme |’a dit M. Perron, la Direction des levés et de 
la cartographie et la Direction de la géophysique ont 
réussi a établir leurs inventaires, 4 mettre au point leurs 
formules et a faire passer leurs projets. Dans l’intervalle, 
les autres secteurs du ministére avaient pris de l’avance, et 
il n’y avait plus d’argent. 


Je peux vous citer des chiffres, nous estimons que nous 
avons eu un manque a gagner de quelque 14 millions de 
dollars par année depuis deux ou trois ans. Si on avait 
approuvé tous nos projets, en se fondant sur les succes 
que nous avons connus avec les levées et la cartographie 
et la géophysique, c’est le genre de financement 
additionnel que nous aurions pu obtenir. 


Par ailleurs, ce qui nous inquiete également—pour ce 
qui est de la gestion des installations—nous avions obtenu 
du Conseil du Trésor l’autorisation d’utiliser tous les 
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purpose buildings that we knew Public Works would be 
handing over to us this last April. There were 56 of them; 
all buildings housing scientists, scientific laboratories, etc. 
We spent a million and a quarter finding out the state of 
those buildings. 


We have put a submission to the Treasury Board, 
asking for the funds and the people to manage the 
buildings and bring them back to a state of good repair. 
The amount of money we are talking about is about $160 
million over an eight-year period. Obviously, there is not 
$160 million to spare, so we have been told by Treasury 
Board that the money they do give us will be for 
occupational health and safety issues. 


In the estimates before you now, there is an 
incremental $10 million, which has been given to the 
department to run the utilities of our buildings and to pay 
the fees of Public Works for doing this. But on top of that, 
we feel we need money to repair and renovate the 
buildings. We now have a very comprehensive study and a 
very good fix on the state of repair of our buildings. It is 
pretty sad. 


Dr. Perron: If I may add, I would not like to be 
misinterpreted in my comments. The department has not 
been treated unfairly by central agencies in any way, 
shape, or form. Quite the contrary, we often claim that 
managers should be allowed to manage and, as managers, 
we have made our choices. 


We are the ones who have decided to manage the 
cutbacks that we had to face, just like any other 
department in town, in a given way. In a way, we have 
painted ourselves into a corner and now we have to 
reassess the various options in front of us as managers. We 
have to make the decisions from that process. It is not a 
very easy situation. We are not managing growth any 
more. 


The Chairman: You have to set your priorities. 


Mr. MacLellan: Dr. Perron, we were discussing these 
coal projects. [ think a great deal stands to be gained if 
these programs and these projects are successful, but we 
have various projects that are being worked on. We have 
the fluidized bed that was at Chatham. We have the coal 
and water that was in Charlottetown. We have the 
Carbogel that Devco was working on in Cape Breton. We 
have the proposal of the synfuels program for the Strait of 
Canso. We just heard that CANMET, which is an 
excellent facility, is doing work on the sulphur emissions. 


Somewhere in there there is a real chance for Canada 
to have state-of-the-art technology which will not only 
burn high sulphur coal, but burn it cleanly, burn it 
economically. Possibly this can be further diverted into 
the burning of garbage and other waste which would be a 
tremendous boon to not only Canada but also to large 
cities in the United States and other metropolitan areas. 
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édifices a vocation spéciale que le ministere des Travaux 
publics devait nous remettre en avril dernier. Il y en avait 
56, tous ces édifices logeaient des chercheurs, des 
laboratoires scientifiques et autres. Nous avons dépensé 
1,250,000$ pour savoir dans quel état étaient ces édifices. 


Nous avons présente une demande au Conseil du 
Trésor pour obtenir un financement et des gens pour 
administrer les édifices et les remettre en état. Il s’agit 
donc de quelque 160 millions de dollars sur une période 
de huit ans. On n’avait pas, bien sur, 160 millions de 
dollars 4 nous remettre et, par conséquent, le Conseil du 
Trésor nous a dit que le financement qui nous sera remis 
devait étre consacré a la sécurité et a la santé au travail. 


Le budget que vous avez devant vous comprend une 
somme additionnelle de 10 millions de dollars, qui a été 
accordée au ministére pour administrer les services de nos 
édifices et pour payer les Travaux publics qui s’en 
chargent. En plus de cela, nous sommes d’avis qu’il nous 
faudrait de l’argent pour réparer et rénover ces édifices. 
Nous avons fait une étude tres complete et nous savons 
tres bien ce quil faudrait comme réparations a ces 
edifices. 

M. Perron: J’aimerais ajouter que je ne voudrais pas 
qu’on interprete mal mes paroles, que le ministere n’a pas 
été traité de fagon injuste par les organismes centraux, de 
quelque fagon que ce soit. Bien au contraire, nous 
répétons souvent que les gestionnaires devraient pouvoir 
gérer, et en tant que gestionnaires, nous avons fait nos 
propres choix. 


C’est nous qui avons décidé d’administrer les 
compressions budgétaires auxquelles nous devons faire 
face, comme pour tout autre ministere a Ottawa. D’une 
certaine fagon, nous nous sommes placés dans une 
situation et maintenant, nous devons réévaluer les diverses 
options qui s’offrent a nous en tant que gestionnaires. 
Nous devons prendre des décisions dans ce sens. Ce n’est 
pas une situation tres facile. Il n’est pas question 
maintenant d’administrer une situation de croissance. 


La présidente: Vous devez établir vos priorités. 


M. MacLellan: Monsieur Perron, nous avons discuté de 
ces projets houillers. Je crois qu’on pourrait récolter de 
gros profits si ces programmes et ces projets réussissaient, 
mais nous travaillons a divers projets. Nous avons, par 
exemple, le gisement fluidisé a Chatham. Nous avons le 
charbon et l’eau a Charlottetown. Nous avons également 
Carbogel auquel Devco travaille au Cap Breton. Nous 
avons une proposition au sujet des programmes de 
combustible du _  détroit de Canso. Nous venons 
d’apprendre que CANMET, une excellente installation, 
travaille sur les €missions sulfureuses. 


Il existe donc quelque part la possibilité pour le 
Canada d’avoir une technologie des plus modernes qui 
permettrait non seulement de briler du charbon a haute 
teneur en soufre, mais de le bruler proprement et 
économiquement. On _ pourrait peut-étre également 
Vutiliser pour bruler les déchets ménagers et autres 
déchets, ce qui serait extraordinaire non seulement pour 
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Where do we stand in all of this and where is the 
department heading? Are they pruning any of these 
projects? Are some projects better than others? What is 
the time schedule? 
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Dr. Perron: Thank you very much, Mr. MacLellan. I 
could not but agree with your own assessment. First, it 
provides me with an opportunity to review the very 
extensive commitment that we have toward coal at 
Energy, Mines and Resources. As a large department, we 
have many mechanisms through which we have been 
working with the coal industry. 


First, within CANMET: I am sure you are aware that 
we have two main coal research laboratories, one in Cape 
Breton and one in Devon, a suburb of Edmonton, co- 
located with the Alberta Research Council group also 
working on coal and we have a small group here in 
Ottawa. 


Second, over the past six, seven years we have had the 
Coal Demonstration Program that allowed some major, 
Major projects to be undertaken. I do hope you have seen 
the Chatham power station that Minister Merrithew 
inaugurated last August with his provincial counterparts. 
It is a first-class, world-class facility, a facility that is very 
flexible, that is second to none in the world, that is very 
versatile and can be used to test and will be used to test 
fuels and various options on a cost recovery basis as a 
contract facility. We will be working with our provincial 
colleagues to ensure that this facility is indeed operated 
for what it was designed in the long term. 


As well, I am sure you have also seen the facility that 
was built by the Cape Breton Development Corporation 
with our financial assistance to produce Carbogel, or 
water-coal mixture. It is again a first-class facility that has 
all of what is required, I am sure. If you have visited it, 
you will have come to the same conclusion. It has all that 
is required to produce very reasonable quantities of fuel 
for demonstration purposes and for market tests and even 
for some clients. So we would hope and we will ensure 
ourselves that the facility is indeed used for that purpose. 
There is no sense now in building a major facility to 
produce that type of fuel unless the market is there, and 
that is where we have to concentrate our efforts in the 
next decade or the coming years. 


There are many, many other options available to us on 
which we are working on many fronts and it seems to me 
that this is truly a reflection of the very strong 
commitment of EMR to work with the coal industry and 
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le Canada, mais pour d’autres grosses villes des Etats-Unis 
et d’autres grandes régions meétropolitaines. 


Ou en sommes-nous dans tout cela et vers quoi se 
dirige le ministére? Est-ce qu’on essaie de dégraisser ces 
projets? Est-ce que certains projets sont meilleurs que 
d’autres? Quel est l’echéancier? 


M. Perron: Merci bien, monsieur MacLellan. Je ne 
peux que souscrire a vos remarques. Premierement, vous 
m’offrez ainsi l’occasion de passer en revue notre 
engagement profond envers le charbon au sein d’Energie, 
Mines et Ressources Canada. Etant un grand ministeére, 
nous avons de nombreux meé€canismes qui nous 
permettent de nous concerter avec |’industrie houilleére. 


Tout d’abord, CANMET: comme vous le savez, sans 
aucun doute, nous avons deux grands laboratoires de 
recherche sur le charbon, l'un au Cap Breton, l'autre a 
Devon, dans la banlieue d’Edmonton, ou ils partagent des 
locaux avec un groupe de recherche sur le charbon du 
Conseil de recherche de |’Alberta, et nous avons aussi un 
petit groupe de chercheurs ici méme, a Ottawa. 


Deuxiemement, depuis six ou sept ans, nous avons mis 
en Oeuvre nos programmes de demonstration du charbon 
qui a abouti a quelques réalisations des plus importantes. 
J’espére que vous avez visité la centrale de Chatham, que 
le ministre Merrithew et ses homologues provinciaux ont 
inaugurée en aout dernier. II s’agit d’une installation sans 
pareille, d’envergure mondiale, dont la  souplesse 
d’exploitation ne le céde 4 aucune autre, qui est propre a 
de multiples usages et qui peut s’employer—et elle le 
sera—a la mise a l’essai, par voie forfaitaire, de divers 
combustibles et de diverses options pour le recouvrement 
des couts. Nous collaborerons avec nos homologues 
provinciaux pour faire en sorte que cette installation serve 
aux fins a long terme pour lesquelles elle a €té congue. 


En outre, je n’ai aucun doute que vous avez également 
visité installation aménagée par la Société de 
développement du Cap Breton, grace a notre concours 
financier, afin de produire du Carbogel, un combustible 
charbon-eau. Encore une fois, c’est une installation de 
premier ordre qui a tout ce qu’il faut, je n’en doute pas. 
Si vous l’avez visitée, vous en serez venus a la méme 
conclusion. Elle a tout ce qu’il faut pour produire des 
quantités fort raisonnables de combustibles a des fins de 
démonstration ou d’essai, voire méme pour une certaine 
clientele. Nous comptons bien que cette installation 
servira a cette fin; d’ailleurs, nous allons nous en assurer. 
Il serait absurde d’aménager un centre de production 
aussi important, 4 moins qu’il n’y ait des débouchés pour 
ce genre de combustible; voila pourquoi nous devons 
concentrer nos efforts sur le marché d’ici la prochaine 
décennie ou au cours des années a venir. 


Il y a une foule d’autres options qui sont a notre portée 
et auxquelles nous travaillons sur bien des fronts; il me 
semble que cela reflete effectivement l’engagement 
profond de notre ministere de se concerter avec 
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with the co-producing agents of this country to improve 
the lot of the industry in the next decades. 


Mr. MacLellan: Dr. Perron, thank you very much for 
that. But I am just not sure in my own mind that these 
projects are economical yet. I think they are still more or 
less in the exploratory stages and I am worried about 
getting them to the point, particularly with possible 
competition from other countries, where they are 
marketable units and then as a technology that will be 
able to be sold worldwide. I am afraid we are just going to 
Stay at this level. We are not going to pursue it. You are 
going to say it is time for the private sector to take it over 
and the private sector may not be interested in taking it 
over. I fear this whole technology is just going to remain 
stagnant and we are not going to get that thrust that we 
really need. It is going to fall between stools, between 
CANMET or between the National Research Council, 
between pilot projects, whatever. And all that we have 
done and all the expectations that have been created are 
not going to be realized. 


Dr. Perron: I guess the answer has to be on the one 
hand and on the other hand. On the one hand, we have a 
strong commitment and I believe we have demonstrated 
that over the past—that the facilities and the programs 
still available to us and to other departments as well are 
indeed good ways of ensuring that these opportunities will 
not be lost. Quite the contrary. 


On the other hand, there is always a difficult strategic 
choice to make as to when you say enough is enough ona 
given project, and unless you get tangible commitment 
from the private sector or genuine interest shown by the 
marketplace, these initiatives have to be maintained but at 
the rate at which things can develop. We often joke by 
saying that it is like treading a wet noodle. 


* 650 


Technology transfer is a difficult business. Indeed, all 
of these technologies have the difficulty of having to 
compete in a market where the commodity prices tend to 
be very soft, and are likely to remain soft for quite some 
time. There is always the possibility of inter-fuel 
switching. These are opportunities we have to look at and 
capture when they are available. 


But it is not through lack of commitment or through 
lack of programs on our part, even though there is always 
the possibility of spending a great deal more money when 
money is available. We have critical choices to make, and 
we believe we are now making the right choices. 


The Chairman: We _ had TransAlta before the 
committee two or three weeks ago, and they were 
discussing their integrated gasification combined-cycle 
system, which will take high-sulphur coal and remove 
nitrous and sulphur dioxides. They are near the 
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Vindustrie houillere et avec les coproducteurs canadiens 
afin d’améliorer le sort de cette industrie au cours des 
prochaines décennies. 


M. MacLellan: Monsieur Perron, merci bien pour tout 
cela. Mais je me demande toujours si ces prorammes sont 
encore rentables. A mon sens, nous en sommes toujours 
au stade de l’exploration, a peu de choses prés, et je me 
demande si nous pourrons mettre la technologie au point, 
face surtout a la concurrence possible d’autres pays, si 
’on veut aboutir a des installations commercialisables et a 
une technologie que nous pourrions écouler a |’échelle 
mondiale. Je crains que nous nous en tenions au premier 
stade, que nous ne pousserons pas les choses plus loin. 
Vous me direz qu’il est temps que le secteur privé prenne 
la reléve, mais il se peut qu’il ne soit pas intéressé a 
prendre la reléve. Je crains que cette technologie demeure 
dans un €tat stagnant, que nous ne nous donnions pas 
cette impulsion qui s’impose. Elle se perdra entre deux 
chaises, entre le CANMET ou le Conseil national de 
recherches, entre des projets-pilotes, que sais-je? Tout ce 
que nous aurons fait, tous les espoirs que nous aurons 
suscités, n’aboutiront a aucune réalisation. 


M. Perron: La réponse a cela, j’imagine, c’est qu'il faut 
voir la chose sous tous les angles. D’une part, il y a notre 
engagement profond, que nous croyons avoir manifesté 
dans le passé—les installations et les programmes dont 
nous disposons toujours, dont tous les autres ministéres 
disposent aussi, nous permettent de croire que nous 
n’allons rater aucune bonne occasion, au contraire. 


D’autre part, sur le plan stratégique, le choix est 
toujours difficile a faire entre continuer un programme et 
y mettre fin; 4 moins d’obtenir un engagement manifeste 
de la part du secteur privé ou de déceler un intérét réel 
sur le marché, de telles initiatives peuvent se poursuivre, 
mais a l’allure a laquelle les choses peuvent évoluer. Nous 
disons souvent, pour rire, que cela é€quivaut a enfiler des 
nouilles mouillées dans une aiguille. 


Le transfert de la technologie n’est pas chose facile. En 
fait, toute technologie doit surmonter l’obstacle de la 
concurrence sur des marchés ou les prix des produits 
tendent a fluctuer, phénomeéne qui est appelé a se 
perpétuer pour quelque temps. Il y a toujours la 
possibilité de faire un échange de combustible. Voila les 
occasions sur lesquelles nous devons sauter, lorsqu’elles se 
présentent. 


Mais ce n’est pas faute d’engagement ou faute de 
programmes de notre part, quoi que la possibilité existe 
toujours de trop dépenser lorsqu’on dispose de fonds. 
Nous avons des choix cruciaux a faire mais nous estimons 
avoir fait un bon choix en ce moment. 


La presidente: Lorsque TransAlta a comparu devant le 
Comité, il y a deux ou trois semaines, on a discuté d’un 
régime intégré de gazification a cycle combine, qui serait a 
base de charbon a haute teneur en soufre dont les 
bioxides d’azote et de soufre seraient enlevés. Le projet en 
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commercial stage, where they can 
technology. It was very interesting. 


sell off their 


Mr. Gustafson: I have a couple more questions relating 
to uranium. You mentioned the deposits of uranium in 
Saskatchewan compared with Saudi Arabia’s oil deposits. 
There are a couple of things that to me, a complete novice 
on the subject. .. you mentioned international companies, 
European and Japanese, investing. Are the companies in 
energy supply today in other areas, such as coal and oil, 
interested in this commodity? Certainly in your 
department competition must be real. You must have 
some very significant lobbying from the coal-mining 
industry and the oil industry. It would appear to me, as a 
novice on the subject, when I see those people investing 
in uranium, we are probably going to see some 
development. 


Mr. Merrithew: Your point is well taken. I do not 
think there is the level of interest in that that there was, 
say, in the early 1970s, when it was emerging and some 
very large companies were in and eventually got out of it. 
We still have very large companies in—for example, 
Eldorado, SMDC, Denison. 


Mr. Gustafson: What about Petro-Canada? 


Mr. Merrithew: You are talking about your own 
province. It seems to me it is all tied up with SMDC 
there. But maybe I should have somebody else comment 
On it. 


Dr. Perron: The major petroleum and gas companies 
were interested in the uranium business some time ago. In 
fact, outside of Saskatchewan most of the exploration for 
uranium was conducted by the major gas companies. 
They have now all withdrawn from that area, and the 
companies that are active are the likes of German ones 
such as Urangesellschaft, Uranerz; the French COGEMA; 
Kepco, in partnership—Kepco is Korean—Idemitsu 
Kosan, from Japan, which is more interested in taking a 
greater share in projects like that of Cigar Lake. These are 
the major players now. 


Idemitsu Kosan is a company that is very interesting. It 
has an energy interest in Japan, and it is looking at that 
project as a way of diversifying. But as for the other 


companies, mainly they are intermediaries between 
utilities and a source of fuel. 
Mr. Gustafson: What about the cost of producing 


energy? How does uranium compare, for instance, with 
other sources? 


Dr. Perron: It depends on whether you are talking 
about the cost of fuel itself or you are talking about the 
whole— 


Mr. Gustafson: I am talking about the cost of delivering 
power to this light bulb. 


Dr. Perron: We are told the analysis conducted of 
Ontario Hydro investment in the nuclear power industry 
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est presque au stade commercial, et cette technologie 
pourrait étre vendue. C’était un exposé des plus 
intéressants. 


M. Gustafson: J’ai quelques autres questions au sujet de 
Vuranium. En parlant des gisements d’uranium de la 
Saskatchewan, vous les avez comparés aux gisements 
pétroliers de |’Arabie Saoudite. I] y a certaines choses qui, 
pour moi, un pur profane... vous avez parlé de sociétés 
internationales, européennes et japonaises, en _ tant 
qu’investisseurs. Les sociétés qui fournissent de nos jours 
d’autres sources d’énergies, comme le charbon et le 
pétrole, sont-elles intéressées a ce produit? Les doutes que 
vous ressentez des effets de la concurrence au sein du 
ministére. Vous devez recevoir souvent des lobyistes des 
sociétés miniéres et pétrolieres. Pour moi, simple profane, 
lorsque je vois quelqu’un investir dans l’uranium, c’est 
probablement parce qu’on en espere quelque chose. 


M. Merrithew: Votre remarque est tout a fait valable. 
Je dirais qu’on y manifeste en ce moment moins d’intéerét 
qu’auparavant, disons au début des années 1970, lorsque 
Vidée a fait surface et que certaines sociétés importantes 
s’y sont intéressées, mais pour un certain temps 
seulement. Il y a encore des sociétés importantes qui s’y 
intéressent, par exemple, Eldorado, SMDC, Denison. 


M. Gustafson: Et Petro-Canada? 


M. Merrithew: La, vous parlez de votre propre 
province. Je crois, dans ce cas, que tout est lié a la SMDC. 
Je devrais peut-étre demander l’opinion de quelqu’un 
d’autre a ce sujet. 


M. Perron: Les principales sociétés de pétrole et de gaz 
se sont intéressées, il y a quelque temps, a l’uranium. En 
fait, hors de la Saskatchewan, |l’exploration de l’uranium a 
été le fait des grandes sociétés gaziéres. Elles ont toutefois 
cessé leurs activités dans ce domaine, et les seules qui 
soient encore actives sont des entreprises comme les 
sociétés allemandes Urangesellschaft, Uranerz; la société 
francaise COGEMA; Kepco, en association—Kepco est 
une société coréenne—Idemitsu Kosan, du Japon, qui 
s’intéresse surtout a obtenir une plus grande part de 
projets tels que celui de Cigar Lake. Voila les principaux 
intéressés de nos jours. 


Idemitsu Kosan est une société des plus intéressantes. 
Elle posséde des intéréts énergétiques au Japon; pour elle, 
c’est un moyen de se diversifier. Toutefois, quant aux 
autres sociétés, ce sont surtout des intermédiaires entre les 
sociétés d’utilité publique et les sources de combustible. 


M. Gustafson: Et les frais de production d’énergie? A 
ce propos, comment l’uranium se compare-t-il a d’autres 
sources d’énergie? 

M. Perron: C’est selon; s’agit-il du cout du combustible 
lui-méme ou bien de toute... 


M. Gustafson: Je parle de ce qu’il en coute pour 
allumer cette ampoule. 


M. Perron: On nous dit que, selon les analyses 
effectuées par |’Hydro-Ontario quant a ses investissements 
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has allowed Ontario Hydro to save a few billion dollars 
over the past decade. So it is a very significant saving. 


° 1700 


If you want to compare the cost of a kilowatt-hour and 
the cost of the fuel component itself, in the case of a 
nuclear power station the fuel component is very small. It 
is a few percentage points, whereas in a coal-burning or a 
gas-burning or an oil-burning facility it goes up to 25% or 
30%, depending on the facility. 


Mr. Gustafson: What about the question of risk? I 
would break that question down into two parts. We know 
what happened in Europe. 


[ attended an event some time ago in the House of 
Commons, in Room 200, put on by AECL Research 
Company. At that time one of the gentlemen explaining 
the project indicated that it was safer to stand in front of a 
plant fired by uranium than it was to stand in front of our 
lignite furnaces at Estevan, Saskatchewan, as far as human 
safety goes. What about pollution? What is the 
comparison that you people have on this subject? 


Dr. Perron: Mr. Gustafson, we are entering a highly 
controversial subject. 


Mr. Gustafson: I am well aware of that. 


Dr. Perron: [ do not believe we are the persons best 
qualified to deal with these questions, because they fall in 
the realm of the relative risk assessment. It is a very 
controversial subject. It is one that has to be approached 
with the right information and the right perspective. It is 
not something we can deal with in a few words, and I 
would hate to make the wrong remarks On that subject. 


I believe it is a subject that would be better addressed 
when you have representatives of the Atomic Energy 
Control Board meeting with this committee, or even my 
colleagues of the Energy Program, who could then discuss 
the relative merits. 


Furthermore, I believe there was a standing committee 
that looked at the business of the future. Is it not your 
committee, Mrs. Sparrow? 


The Chairman: Yes, we are, Dr. Perron. 


Dr. Perron: So I believe that would be better addressed 
in that forum, if you do not mind. 


Mr. Gustafson: Could you go as far as to do a 
comparison of an existing plant? I am talking about— 
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dans les centrales nucléaires, cette derniére aurait réalisé 
depuis une décennie des €conomies de quelques milliards 
de dollars. Il s’agirait donc d’€conomies trés importantes. 


Si vous voulez comparer le cout d’un kilowatt-heure et 
le cout de l’élément combustible lui-méme, dans le cas 
d’une centrale nucléaire, l’element combustible compte 
vraiment pour une trés faible part. Il ne représente que 
quelques points de pourcentage, tandis que dans une 
centrale ow l’on brile du charbon, du gaz ou du pétrole, 
la part correspondant au combustible passe a 25 ou 30 p. 
100, selon le cas. 


M. Gustafson: Et qu’en est-il de la question du risque? 
D’ailleurs, je diviserais la question en deux. Nous savons 
ce qui s’est passé en Europe. 


J'ai participé, il y a quelque temps, a un événement 
tenu par la Société de recherche de |’€nergie atomique du 
Canada, dans la piéce 200 de |’Immeuble de l'Ouest. A 
cette occasion, l’une des personnes qui fournissaient des 
explications sur le projet disait qu'il y avait moins de 
risques pour la santé humaine a se tenir debout devant 
une usine alimentée par l’uranium que devant une de nos 
chaudiéres a lignite 4 Estevan, en Saskatchewan. Qu’en 
est-il de la pollution? Quelle comparaison pourriez-vous 
nous faire a ce propos? 


M. Perron: Monsieur Gustafson, il s’agit la d’une 
question tres controversée. 


M. Gustafson: Je le sais bien. 


M. Perron: Je ne pense pas que nous soyons les 
personnes les mieux en mesure de répondre a ce genre de 
questions, car celles-ci reléveraient plutot du domaine de 
Vévaluation relative des risques. C’est une question fort 
controversée qui doit étre abordée avec les bons 
renseignements et la bonne perspective. Ce n’est pas une 
chose qu’on peut régler en quelques mots, et je n’aimerais 
pas me tromper dans ce que je dirais a ce sujet. 


Je pense qu’il serait préférable que vous abordiez cette 
question lorsque vous entendrez des représentants de la 
Commission de contréle de l’énergie atomique, ou méme 
mes  collaborateurs  responsables du programme 
énergétique, qui pourraient vous exposer les mérites 
relatifs des différentes techniques. 


Je pense, par ailleurs, qu’un comité permanent devait 
s’occuper des perspectives d’avenir. Est-ce ce comité-ci, 
madame Sparrow? 


La présidente: Oui, monsieur Perron. 


M. Perron: Si cela ne vous ennuie pas de me l’entendre 
dire, je pense qu'il serait préférable que vous abordiez 
cette question dans le cadre de cette tribune. 


M. Gustafson: Pourriez-vous au moins nous donner 
une comparaison a partir d’une centrale existante? Je 
veux parler de... 
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The Chairman: [ hate to cut you off, Mr. Gustafson. 
One quick question, Mr. Parry, and then the minister has 
a conference. 


Mr. Parry: Madam Chair, I would of course claim the 
right for the same length of questioning, but as it happens 
I only have one quick question, which is to the minister. 


Do you think that really in the past few years we have 
made any significant progress? I am not talking in 
technical terms here; I am talking in terms of economics, 
in terms of values. Have we made any significant progress 
in terms of increasing the processing of mineral products 
within Canada? 


Mr. Merrithew: Because that is essentially on the 
processing side of the field and therefore more DRIE 
oriented, I can tell you that we have made significant 
progress On the basic mining side in terms of productivity 
and in terms of exploration, which is up significantly. 


Mr. Parry: I know that. 


Mr. Merrithew: But on the processing side maybe I 
have to get somebody to give a more technological aspect 
to it. 


Dr. Perron: I believe that globally we have made 
significant progress in this country by capturing unique 
Opportunities in the past decade. We have extended our 
aluminum smelting capacity in this country; there were 
some major projects in the province of Quebec on that 
front. We have also built a significant capacity in the field 
of ferro alloys. 


As was discussed this morning at the Mineral Outlook 
Conference, there is no doubt that the free trade 
agreement will open a few more opportunities, because, 
even though the tariffs on mineral and metal commodities 
were relatively small, in relative effect on the further 
processing value they were very significant. It was 
claimed, as it was claimed in our own assessment of the 
impact of the free trade agreement, that this would open 
doors that were until now extremely difficult to open. 


If you have not received a copy of our assessment of 
the likely impacts of the free trade agreement on the 
minerals and metals sector then we will be pleased to 
provide you with a copy. 


eal 705 


Mr. MacLellan: [ am still not satisfied. My general 
concern, Madam Chairman, is that in the research and 
development there are going to be so many balls up in the 
air that things are not going to come together. It is not 
that I am opposed to the space program, but I am 
concerned about EMR reserving $2 million of its budget 
for the space program, and particularly CANMET 
reserving $800,000 or something of its budget for the 
space program. 
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La présidente: Excusez-moi, monsieur Gustafson, mais 
je dois vous interrompre. Une derniére petite question, 
monsieur Parry, car le ministre a une conférence. 


M. Parry: Madame la présidente, je revendiquerais, 
bien sur, le méme temps de parole, mais il se trouve que 
je n’ai qu'une toute petite question, qui s’adresse au 
ministre. 


Pensez-vous que nous ayons véritablement fait 
d’importants progrés au cours des dernieres années? Je ne 
parle pas ici de l’aspect technique, mais plutdt de l’aspect 
éconmique et des valeurs. Avons-nous_ sensiblement 
augmenté le traitement des produits minéraux au Canada? 


M. Merrithew: Vous parlez la de l’aspect traitement, et 
cela releve plutét du ministére de |’ Expansion industrielle 
régionale. Je puis cependant vous dire que des progres 
importants ont été réalisés du cote de la productivité et de 
Vexploration, ou les activités ont augmente sensiblement. 


M. Parry: Je le sais. 


M. Merrithew: Quant au traitement proprement dit, 
quelqu’un d’autre pourrait peut-€tre vous entretenir un 
peu mieux au sujet de l’aspect technologique. 


M. Perron: Je pense que, dans l’ensemble, nous avons 
fait d’importants progres au Canada en saisissant au cours 
de la derniére décennie un certain nombre de possibilités 
tout a fait uniques. Nous avons notamment augmenté 
notre capacité de production d’aluminium. Un certain 
nombre de projets importants ont été lancés dans ce 
domaine au Québec. Nous avons également constitué une 
capacité importante dans le domaine des ferro-alliages. 


Comme cela a été dit ce matin dans le cadre de la 
Conférence sur les perspectives minérales, il n’y a aucun 
doute que l’accord de libre-€change créera de nouvelles 
possibilités car, méme si les tarifs douaniers applicables 
aux minerais et aux métaux étaient assez bas, ils étaient 
beaucoup plus importants sur les produits ayant subi des 
traitements plus poussés. Il a été dit—et c’est ce que nous 
avons nous-mémes dit dans notre évaluation de 
Vincidence de lentente de _ libre-échange—que cela 
ouvrira des portes qu’il nous a été jusqu’ici tres difficile 
d’ouvrir. 


Si vous n’avez pas regu un exemplaire de notre 
évaluation de l’incidence de l’entente de libre-échange sur 
le secteur des minerais et des métaux, nous nous ferons 
un plaisir de vous en faire parvenir un. 


M. MacLellan: Je ne suis toujours pas satisfait. Madame 
la présidente, ce que je crains, c’est qu’en matiére de 
recherche et de développement, il y ait tant de choses en 
route que cela ne débouche sur rien. Non pas que je 
m’oppose au programme spatial; tout simplement, je 
m’inquiete de ce que le ministére de l’Energie, des mines 
et des ressources réserve deux millions de dollars de son 
budget pour ce programme, tandis que CANMET lui 
réserve quelque 800,000$. 
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The Chairman: Perhaps you could get in touch with 
Minister Merrithew, or Dr. Perron. 


I would very much like to continue this meeting, and I 
would ask the committee members to stay for a few 
minutes. 


Mr. Minister, thank you very much for coming and 
giving us a very informative presentation, and answering 
Our questions. We truly appreciate it and look forward to 
seeing you at the Mineral Outlook Conference later this 
evening. 


Committee members, we do have a quorum here to 
deal with the estimates. We have reviewed all our 
estimates. I would ask that we vote on them now so they 
could be reported to the House. 


We have votes 1, the Administation of EMR; votes 5, 
10 and 15, the Energy Program: Vote L20, a statutory one, 
but we must carry that; Votes 25, 30 and 35, Mining; Vote 
4) AECB; Vote 45, AECE; Vote 50, NEB, and’ Vote 55; 
Petro-Canada International Assistance Corporation. 


ENERGY, MINES AND RESOURCES 
Administration Program 
Vote l-—Prognani-expendituresuie... nee $41,787,000 
Energy Program 
$92,094,000 


$25,659,000 


Vote 5—-O peratingvexpenditures <2. 520.,.%. 
Vote 10—Grants and contributions ............ 


Vote 15—Canadian Exploration and Development 
incentiverProcrampee ee ee $259,000,000 
Vote L20—Loans to finance regional electrical 
INLELCOMHECHONS tee tere ae eens $9,053,000 


Minerals and Earth Sciences Program 


Vote 25—Operating expenditures ............. $260,504,000 


Vote 30-—Gapitaliexpendituires, 2. .ce-.et $38,501,000 
Vote 35—Grants and contributions ............ $45,418,000 
Atomic Energy Control Board 

Vote 40—Programrexpendnures ee. $22,243,000 


Atomic Energy of Canada Limited 


Vote 45—Payments to Atomic Energy of Canada 
Limited for operating and capital expenditures......... 
$141,997,000 


National Energy Board 
$21,746,000 
Petro-Canada International Assistance Corporation 


Yote 50—Programvexpendituress= 2... 


Vote 5S5—Payments to Petro-Canada _ International 
Assistance Corporations .....4.0 eee $60,500,000 
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La présidente: Vous pourriez peut-étre communiquer 
plus tard avec M. Merrithew ou avec M. Perron. 


J'aimerais beaucoup poursuivre cette réunion, et je 
demanderais aux membres du Comité de rester encore 
quelques minutes. 


Monsieur le ministre, merci beaucoup d’étre venu 
nous rencontrer, et merci pour votre exposé informatif et 
pour vos réponses a nos questions. Nous vous en sommes 
tres reconnaissants et nous attendons avec impatience de 
vous revoir plus tard, ce soir, a la Conférence sur les 
perspectives minérales. 


Mesdames et messieurs, nous avons le quorum 
nécessaire pour traiter des prévisions budgétaires. Nous 
les avons toutes examinées. Je demanderais qu’on les 
mette tout de suite aux voix afin que nous puissions 
présenter notre rapport a la Chambre. 


Nous avons les crédits 1, Administration du ministere; 
les crédits 5, 10 et 15, pour le programme de l’énergie; le 
crédit L20, un crédit statutaire qui doit étre maintenu; les 
crédits 25, 30 et 35, mines; le crédit 40, Commission de 
contréle de l’énergie atomique; le crédit 45. Energie 
atomique du Canada, Limitée; le crédit 50, Office national 
de l’énergie; et le crédit 55. la Corporation Petro-Canada 
pour l’assistance internationale. 


ENERGIE, MINES ET RESSOURCES 


Programme d’administration 


Créditul-—DépensesdumProgrammeresee $41,787,000 
Programme de l’énergie 

Crédit S—Dépenses de fonctionnement ..... $92,094,000 
Crédit 10—Subventions et contributions .... $25,659,000 


Crédit 15—Programme canadien d’encouragement a 


V’exploration et a la mise en valeur ...... $259,000,000 
Crédit L20—Préts pour financer  linterconnexion 
régionale de réseaux de transport de l’électricité....... 
Se tO SRM hae Se oe ni tay’ eam eee sR $9,053,000 


Programme des minéraux et des sciences de la Terre 
Crédit 25—Dépenses de fonctionnement . $260,504,000 
$38,501,000 
$45,418,000 
Commission de contréle de l’energie atomique 
$22,243,000 


Grédit30-—Depenses cnicapital tee ease 


Crédit 35—Subventions et contributions ... 


Crédit 40—Dépenses du programme .......... 
Energie atomique du Canada, Limitée 


Crédit 45—Paiements 4 Energie atomique du Canada, 
Limitée pour les dépenses de fonctionnement et les 
CEDERSs Ch Capit) tee. ee meena ne $141,997 ,000 


Office national de l’énergie 
$21,746,000 


Vassistance 


Crédit S50—Deépenses du Programme ......... 


La Corporation Petro-Canada 


internationale 


pour 


Crédit 55—Paiements a la Corporation Petro-Canada 
pour l’assistance internationale .............. $60,500,000 
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Motes mer osn 0.0105) 1.208 25..307555-40745°.50 and 55 
agreed to. 


The Chairman: Shall I report the estimates to the 
House? 


Some hon. members: Agreed. 
The Chairman: Thank you very much. 


Now, tomorrow morning, Mr. MacLellan, I believe we 
are busing it are we? 


Mr. MacLellan: I guess we have to. 

The Chairman: At 8 a.m. we are going to Kanata. 
Thank you very much, Mr. Parry, Mr. Gustafson. 
The meeting is adjourned. 


[Traduction| 


Les credits 1S, 10, 15,205 25, 30,335.40; 45..50-et.55 
sont adoptés. 


La présidente: Le Comité doit-il déposer les prévisions 
budgétaires auprés de la Chambre? 


Des voix: D’accord. 
La présidente: Merci beaucoup. 


Monsieur MacLellan, si j’ai bien compris, nous devons 
prendre l’autobus demain matin, n’est-ce pas? 


M. MacLellan: Je pense que nous n’avons pas le choix. 
La présidente: Nous partons pour Kanata a 8 heures. 
Merci beaucoup, messieurs Parry et Gustafson. 

La séance est levée. 
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MINUTES OF PROCEEDINGS 


WEDNESDAY, JUNE 1. 1988 
(71) 


| Text] 


The Standing Committee on Energy, Mines and 
Resources met in camera at 3:36 o'clock p.m., in Room 
253-D, this day, the Chairman, Barbara Sparrow. 
presiding. 


Members of the Committee present: Paul 
Lorne Nystrom, Bob Porter and Barbara Sparrow. 


Gagnon, 


Acting Member present: Gérald Comeau for Aureéle 
Gervais. 


In attendance: Dean Clay, Consultant. 


In accordance with its mandate under Standing Order 
96(2) the Committee resumed consideration of the 
economics of nuclear power in Canada. (See Minutes of 
Proceedings and Evidence dated Thursday, October 15, 
1987, Issue No. 29.) 


The Committee proceeded to the consideration of a 
draft report. 


At 4:50 o’clock p.m., the Committee adjourned to the 
call of the Chair. 


MAURSDAY, JUNE 2, 1988 
(72) 


The Standing Committee on Energy, Mines and 
Resources met in camera at 9:13 o’clock a.m., in Room 
306 West Block, this day, the Chairman, Barbara 
Sparrow, presiding. 


Members of the Committee present: Paul Gagnon, Bob 
Porter and Barbara Sparrow. 


In attendance: Dean Clay. Consultant; Lawrence 


Harris, Researcher. 


In accordance with its mandate under Standing Order 
96(2) the Committee resumed consideration of the 
economics of nuclear power in Canada. (See Minutes of 
Proceedings and Evidence dated Thursday, October 15, 
1987, Issue No. 29.) 


The Committee 
report. 


resumed consideration of a draft 


At 10:46 o’clock a.m., the Committee adjourned to the 
call of the Chair. 


WEDNESDAY, JUNE 8, 1988 
(73) 


The Standing Committee on Energy, Mines and 
Resources met in camera at 12:30 o’clock p.m., in Room 
208 West Block, this day, the Chairman, Barbara 
Sparrow, presiding. 


Members of the Committee present: Paul Gagnon, Len 
Gustafson, Lorne Nystrom and Barbara Sparrow. 


Acting Member present: for Russell 


MacLellan. 


Len Hopkins 


PROCES-VERBAUX 


LE MERCREDI 1° JUIN 1988 
(71) 


| Traduction| 


Le Comité permanent de l’énergie, des mines et des 
ressources se réunit a huis clos, aujourd’hui a 15 h 36, 
dans la piece 253-D, sous la présidence de Barbara 
Sparrow, (présidente). 


Membres du Comité présents: Paul Gagnon, Lorne 
Nystrom, Bob Porter et Barbara Sparrow. 


Membre suppléant présent: Gérald Comeau remplace 
Aurele Gervais. 


Ausst présent: Dean Clay, conseiller. 


Conformément au mandat que lui confie le paragraphe 
96(2) du Réglement, le Comité reprend létude de 
économique de la puissance nucléaire au Canada. (Voir 
Proces-verbaux et témoignages du jeudi 15 octobre 1987, 
fascicule no 29.) 


Le Comité entreprend d’étudier un projet de rapport. 


A 16 h 50, le Comité s’ajourne jusqu’a nouvelle 
convocation de la présidente. 


LE JEUDI 2 JUIN 1988 
(72) 


Le Comité permanent de l’énergie, des mines et des 
ressources se réunit a huis clos, aujourd’hui a 9 h 13, dans 
la piece 306 de l’édifice de l'Ouest, sous la présidence de 
Barbara Sparrow, (présidente). 


Membres du Comité présents: Paul Bob 


Porter et Barbara Sparrow. 


Gagnon, 


Aussi présents: Dean Clay, conseiller; Lawrence Harris, 
charge de recherche. 


Conformément au mandat que lui confie le paragraphe 
96(2) du Réglement, le Comité reprend létude de 
V’économique de la puissance nucléaire au Canada. (Voir 
Procés-verbaux et témoingnages du jeudi 15 octobre 1987, 
fascicule n° 29.) 


Le Comité reprend !’étude d’un projet de rapport. 


A 10 h 46, le Comité s’ajourne jusqu’a nouvelle 
convocation de la présidente. 


LE MERCREDI 8 JUIN 1988 
(73) 


Le Comité permanent de l’énergie, des mines et des 
ressources se réunit a huis clos, aujourd’hui a 12 h 30, 
dans la piece 208 de lédifice de l'Ouest, sous la 
présidence de Barbara Sparrow, (présidente). 


Membres du Comité présents: Paul Gagnon, 
Gustafson, Lorne Nystrom et Barbara Sparrow. 


Len 


Membre suppléant présent: 
Russell MacLellan. 


Len Hopkins remplace 
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[In attendance: Dean Clay, Consultant: Lawrence 


Harris, Researcher. 


In accordance with its mandate under Standing Order 
96(2) the Committee resumed consideration of the 
economics of nuclear power in Canada. (See Minutes of 
Proceedings and Evidence dated Thursday, October 15, 
1987, Issue No. 29.) 


The Committee 
report. 


resumed consideration of a draft 


At 2:05 o’clock p.m., the Committee adjourned to the 
call of the Chair. 


MONDAY, JUNE 13, 1988 
(74) 


The Standing Committee on Energy, Mines and 
Resources met in camera at 6:42 o’clock p.m., in Room 


307 West Block, this day, the Chairman, Barbara 
Sparrow, presiding. 

Members of the Committee present: Paul Gagnon, 
Lorne Nystrom and Barbara Sparrow. 

Acting Member present. Len Hopkins for Russell 
MacLellan. 

In attendance: Dean Clay, Consultant: Lawrence 


Harris, Researcher. 


In accordance with its mandate under Standing Order 
96(2) the Committee resumed consideration of the 
economics of nuclear power in Canada. (See Minutes of 
Proceedings and Evidence dated Thursday, October 15, 
1987, Issue No. 29.) 


The Committee 
report. 


resumed consideration of a draft 


At 8:35 o’clock p.m., the Committee adjourned to the 
call of the Chair. 


THURSDAY, JUNE 16, 1988 
(75) 


The Standing Committee on Energy. Mines and 
Resources met at 12:20 o’clock p.m., in Room 307 West 
Block, this day, the Chairman, Barbara Sparrow, 
presiding. 


Members of the Committee present: Paul Gagnon, 
Russell MacLellan, Bob Porter and Barbara Sparrow. 


In attendance: Dean Clay, Consultant; Lawrence 


Harris, Researcher. 


Witness: From Ontario Nuclear Safety Review: Dr. F. 
Kenneth Hare, Commissioner. 


In accordance with its mandate under Standing Order 
96(2) the Committee resumed consideration of the 
economics of nuclear power in Canada. (See Minutes of 
Proceedings and Evidence dated Thursday, October 15, 
1987, Issue No. 29.) 


The witness made an Opening statement and answered 
questions. 
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Ausst presents: Dean Clay, conseiller: Lawrence Haris. 
chargé de recherche. 


Conformément au mandat que lui confie le paragraphe 
96(2) du Reglement. le Comité reprend l'étude de 
économique de la puissance nucléaire au Canada. (Voir 
Procés-verbaux et témoignages du jeudi 15 octobre 1987, 
fascicule n°? 29.) 


Le Comité reprend l’étude d’un projet de rapport. 


A 14 h 05. le Comité s’ajourne jusqu’a nouvelle 
convocation de la présidente. 


LE LUNDI 13 JUIN 1988 
(74) 


Le Comité permanent de l’énergie, des mines et des 
ressources se réunit a huis clos, aujourd’hui a 18 h 42, 
dans la piece 307 de Védifice de l’Ouest, sous la 
présidence de Barbara Sparrow, (présidente). 


Membres du Comité présents: Paul Gagnon, Lorne 
Nystrom et Barbara Sparrow. 


Membre suppléant présent: 
Russell MacLellan. 


Len Hopkins remplace 


Aussi présents: Dean Clay, conseiller; Lawrence Harris, 
chargé de recherche. 


Conformément au mandat que lui confie le paragraphe 
96(2) du Reglement, le Comité reprend létude de 
"économique de la puissance nucléaire au Canada. (Voir 
Procés-verbaux et témoignages du jeudi 15 octobre 1987, 
fascicule n° 29.) 


Le Comité reprend l’étude d’un projet de rapport. 


A 20 h 35, le Comité s’ajourne jusqu’a nouvelle 
convocation de la présidente. 


LE JEUDI 16 JUIN 1988 
(75) 


Le Comité permanent de l’énergie, des mines et des 
ressources se réunit aujourd’hui a 12 h 20. dans la piece 
307 de Védifice de l’Ouest, sous la présidence de Barbara 
Sparrow, (présidente). 


Membres du Comité présents: Paul Gagnon, Russell 
MacLellan, Bob Porter et Barbara Sparrow. 


Ausst présents: Dean Clay, conseiller; Lawrence Harris, 
chargé de recherche. 


Témoin: De U’Ontario Nuclear 
Kenneth Hare, président. 


Safety Review: F. 


Conformément au mandat que lui confie le paragraphe 
96(2) du Reéeglement, le Comité reprend l'étude de 
l’économique de la puissance nucléaire au Canada. (Voir 
Procés-verbaux et témoignages du jeudi 15 octobre 1987, 
fascicule n° 29.) 


Le témoin fait une déclaration préliminaire et repond 
aux questions. 


Nn 
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At 2:20 o’clock p.m., the Committee adjourned to the A 14 h 20. le Comité s’ajourne jusqu’a nouvelle 
call of the Chair. convocation de la presidente. 
Eugene Morawski Le greffier du Comité 


Clerk of the Committee Eugene Morawski 
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[Recorded by Electronic Apparatus| 
| Texte | 

Thursday, June 16, 1988 


The Chairman: Order. please. 
We have a quorum to hear witnesses. 


The order of the day. in accordance with our mandate 
under Standing Order 96.(2). is an examination of the 
economics of nuclear power in Canada. 


It is indeed a pleasure for us to welcome Dr. Kenneth 
Hare here today. He has just recently come forward with 
the report The Safety of Ontario’s Nuclear Power 
Reactors. which he did for the provincial government of 
Ontario. 


Dr. Hare, we have had the scientific and technical 
review part of your report for a few days and most of us 
have read it. We want to congratulate you. It is well done 
and very concise and certainly fits right into this 
committee's study, the study of nuclear power tn Canada, 
which we embarked upon probably last November. Is that 
right, Dean? 


Mr. Dean Clay (Consultant to the Committee): Yes. 


The Chairman: So your appearing before’ the 
committee is extremely timely. and we truly appreciate 
your taking time to come here and spend an hour or an 
hour and a half with us. 


As I mentioned earlier to a couple of my colleagues, 
Dr. Hare was just appointed Chancellor at Trent 
University, just outside of Peterborough. Another 
congratulation to him for that. 


Usually we start with some opening remarks from our 
witnesses and then pose questions. Do you have some 
opening remarks, sir, that you could give to us? 


Dr. F. Kenneth Hare (Commissioner, Ontario Nuclear 
Safety Review): Madam Chairman, first of all thank you 
for those kind remarks. The nicest thing about being a 
chancellor of a university is that you finally get to be paid 
what you are worth; namely, nothing. It is a thoroughly 
unpaid job. 


The Chairman: That is true. 


Dr. Hare: I may say that my salary as chairman of the 
Ontario Nuclear Safety Review stopped on April 1 at my 
own request too. so [ am a pensioner and delighted to be 
in that role. 


I do not want to make an elaborate statement. 


TEMOIGNAGES 
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Le jeudi 16 juin 1988 


La présidente: Je déclare la séance ouverte. 
Nous avons le quorum pour entendre des témoins. 


Conformément au mandat qui nous est confié aux 
termes de larticle 96.(2) du Reglement, nous procédons 
aujourd’hui a l’examen de l’€conomique de la puissance 
nucléaire au Canada. 


Nous sommes trés heureux d’accueillir aujourd’hui M. 
Kenneth Hare dont le rapport intitule The Safety of 
Ontario’s Nuclear Power Reactors qu'il a préparé pour le 
gouvernement de |’Ontario vient tout juste d’étre publié. 


Monsieur Hare, nous avons regu la partie de votre 
rapport qui porte sur l’examen scientifique et technique il 
y a quelques jours, et la plupart d’entre nous en ont pris 
connaissance. Nous tenons a vous en féliciter. Cet examen 
est bien fait et trés concis et il s’integre certainement a 
l'étude qu’a entreprise notre Comité en novembre 
dernier, sur l’énergie nucléaire au Canada, n’est-ce pas, 
Dean? 


M. Dean Clay (consultant pour le Comite): Oui. 


La présidente: Votre comparution devant notre Comité 
est donc extreémement a propos, et nous vous remercions 
d’avoir bien voulu nous consacrer une heure et demie de 
votre temps. 


Comme je l’ai dit plus tot a quelques-uns de mes 
collegues, M. Hare vient tout juste d’étre nommé 
chancelier a l'Université de Trent, tout pres de 
Peterborough. Encore une fois, nos félicitations. 


Habituellement, nos témoins nous présentent leurs 
remarques liminaires, et nous les interrogeons par la 


suite. Avez-vous des remarques liminaires a nous 
présenter, monsieur? 
M. F. Kenneth Hare (commissaire, Commission 


d’étude sur la sécurité des centrales nucléaires en 
Ontario): Madame la présidente, c’est tres aimable de 
votre part de dire toutes ces bonnes choses a mon sujet. 
Ce qui est vraiment bien, lorsqu’on est chancelier d’une 
université, c’est qu’on recoit enfin le salaire qu’on meérite, 
c’est-a-dire rien du tout. Il s’agit d’un travail tout a fait 
béneévole. 


La présidente: C’est vrai. 


M. Hare: Permettez-moi d’ajouter qu’a ma_ propre 
demande, j’ai cessé de recevoir mon salaire a titre de 
président de la Commission d’étude sur la sécurité des 
centrales nucléaires en Ontario le 1°" avril. Je suis donc 
pensionné et ravi de l’étre. 


Je nai pas l’intention de faire un exposé détaillé. 
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This was an extraordinarily difficult, in some ways very 
unpleasant, job, which I did in 12 months really. Fifteen 
months elapsed because for the first three months I could 
not find anywhere to work. The Ontario government 
could not find an office in Ontario, and we could not 
work without proper quarters. So it is really 12 months’ 
work. 


The report is the thing you see here; volumetrically 
and in mass terms, it is a great big volume of work. I 
wrote the technical volume, which I think you have seen, 
and the rest is largely the work of consultants or 
intervener groups, but all of it has been edited into a 
fairly consistent whole by my staff. 


We were asked if the reactors of Ontario were safe, on 
three grounds. Firstly, was the hardware well designed; 
did it contain adequate protective measures against 
possible accident? Secondly, was the operating system 
sound; did it contain the kinds of problems that led to 
operator failures at Chernobyl and Three Mile Island, for 
example? Thirdly, were the emergency measures sound? 
Had the utility and the province done their job and set up 
emergency measures? 
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I think you have already read the answers to these 
questions, but let me just comment on them. I do not at 
any point say these reactors are safe. [ think that is a 
meaningless statement. To use an analogy, my Buick does 
no harm if I leave it in the garage. If I take it out on the 
road, it may do harm on one of three grounds: if it was 
badly designed and General Motors did a lousy job; 
secondly, if 1 am a bad driver and I am careless, negligent; 
thirdly, if the law governing the use of the road is not 
adequate. 


We tried to answer all of these. We were not asked to 
go quite as far as the last one, but in our opinion we had 
to. We did say they were being safely operated, and our 
evidence is in there. [ and my colleagues believe it is 
important to base statements about the safety of operation 
of reactors on the actual performance and on the health 
of the people who are exposed to the radiation, and we 
are getting past that stage where you have to compare that 
health with abstract things like dose limits. 


We now have a long period of exposure in the work 
force to radiation, and we can make some assessment of 
the safety of the operation by looking at the health and 
the mortality experience of the exposed work force. This 
we did in great detail, and that is in there. [ did that 
myself. That was my own special input to it. 
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La préparation de ce rapport que j/ai fait en realité en 
12 mois a eté extrémement difficile et d'une certaine 
fagon tres désagréable. Quinze mois se sont ecoulés parce 
que les trois premiers mois je ne pouvais trouver 
d’endroit ou travailler. Le gouvernement de |’‘Ontario ne 
pouvait pas me trouver de bureau en Ontario, et nous ne 
pouvions pas travailler sans avoir de bureaux adéquats. 
Cela représente donc en réalité un travail de 12 mois. 


Comme vous pouvez le voir, il s’agit d’un rapport 
extrémement volumineux. J'ai rédigé le volume 
technique, que vous avez vu je crois, et le reste est en 
grande partie le résultat du travail d’experts-conseils ou de 
groupes d’intervenants, mais mon personnel s’est occupeé 
d’en faire l’édition afin d’en assurer l’uniformite. 


On nous a demandé si les réacteurs de l'Ontario étaient 
sans danger, sous trois rapports. Premiérement. le 
matériel est-il bien congu; a-t-on prévu des mesures de 
protection adéquates en cas d’accident? Deuxiemement, le 
systeme d’exploitation est-il en bon état: pose-t-il le genre 
de problemes qui ont mené aux accidents de Chernobyl et 
de Three Mile Island, par exemple? Troisiemement, les 
mesures d’urgence sont-elles valables? Le service public et 
la province ont-ils fait leur travail et mis en place des 
mesures d’urgence? 


Je pense que vous avez déja lu les réponses a ces 
questions, mais permettez-moi de vous faire part de 
certains commentaires a ce sujet. Je ne dis nulle part que 
ces réacteurs sont sans danger. A mon avis, une telle 
affirmation serait dénuée de sens. Par exemple. ma Buick 
est sans danger si je la laisse dans le garage. Si je la mets 
sur la route, elle pourrait présenter un danger pour l’une 
de ces trois raisons: si elle était mal congue et que General 
Motors avait mal fait son travail; si j’étais mauvais 
conducteur et si j étais négligent; et si les lois qui régissent 
utilisation des routes n’étaient pas adéquates. 


Nous avons donc essayé de répondre a ces trois 
questions. On ne nous a pas demandé d’aller aussi loin 
que la derniére, mais a notre avis, nous devions le faire. 
Nous avons effectivement dit que les centrales sont 
exploitées de fagon sécuritaire, et nous en donnons la 
preuve ici dans ce document. Moi-méme et mes collegues 
estimons qu'il est important de fonder nos déclarations au 
sujet de la sécurité de l’exploitation des centrales sur le 
rendement réel et sur la santé des gens qui sont exposés 
aux radiations, et nous sommes en train de dépasser le 
stade ou il faut comparer la santé a des choses aussi 
abstraites que des doses maximales. 


La main-d’oeuvre est maintenant exposée aux 
radiations depuis longtemps, de sorte que nous pouvons 
évaluer la sécurité du fonctionnement des réacteurs en 
examinant l’état de santé et la mortalité de la main- 
d’oeuvre exposée aux radiations. C'est ce que nous avons 
fait, dans les détails. et on le trouve dans ce document. Je 
‘ai fait moi-méme. C’était ma propre contribution 
spéciale a cette étude. 
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The operating system, frankly, left us a little bit 
worried. As we say, we think Ontario Hydro ought to take 
another look at it. [t is not that there ts anything much 
wrong with it. On the contrary. if you compare it with 
what goes on in other countries and in other utilities, and 
we did in depth, it is a good system. But we thought it 
contained within it the seeds of its own decay, and we 
recommend that they take a look at this. They are in fact 
doing so. 


I have to say that Ontario Hydro, at close quarters and 
under tight expert inspection, comes Out very well indeed. 
There is no doubt that they are a technically and 
professionally competent organization. Whether all the 
economic and capital decisions taken by the hydro in the 
past were wise is another matter, but certainly the 
technical performance of the utility now in the areas we 
investigated earns, and I think deserves, international 
respect. 


When we came to the law governing, we were in 
federal territory and we decided we would go right ahead 
and trespass. Nobody had asked us to look at the Atomic 
Energy Control Board. We did, and we were urged by 
many intervenor groups to say that this country ought to 
replace the good, grey Atomic Energy Control Board by 
something more closely resembling the American model, 
which is one of prescription and legal confrontation 
between the parties. We came to the conclusion that this 
was not necessary. 


But the criticisms of the Atomic Energy Control 
Board, that they are too narrow in their interpretation of 
their mandate. . . Yes, we agreed with that, and say so, and 
we have made recommendations which I very much hope 
you will question me about—what we thought ought to 
happen to the board. After all, this is a territory of federal 
jurisdiction; nuclear safety is federal jurisdiction. Even 
though my mandate came from the _ provincial 
government, I[ felt [ had to poke my nose into the federal 
side of things. 


Finally, On emergency measures, we came to the 
conclusion that the Ontario government had done 
virtually nothing about this. This could not be tolerated, 
and we said so in pretty strong language, and indeed they 
have reacted since then. 


Madam, that is all I think I need say by way of preface. 


The Chairman: Thank you very much, Dr. Hare. We 
do appreciate your Opening remarks. It is very interesting 
what you say about the Atomic Energy Control Board, 
questioning it. It is federal jurisdiction. We certainly have 
had them before the committee once, twice, or perhaps 
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Je vous avouerai en toute honneéteté que le systéme 
d’exploitation nous a laissés un peu inquiets. Comme 
nous le disons. nous croyons que Hydro-Ontario devrait 
V’examiner de plus pres. Ce nest pas qu’il y ait tellement 
de choses qui clochent dans ce systeme. Au contraire, si 
on le compare a ceux des autres pays et des autres services 
publics, comme nous l’avons fait en détail, c’est un bon 
systeme. Mais nous croyons qu il contient les germes de 
son propre affaiblissement, et nous recommandons qu ils 
Vexaminent a nouveau. En fait, c’est ce qu’ils sont en 
train de faire. 


Je dois dire qu’apres avoir examiné Hydro-Ontario de 
pres, On ne peut douter de la compétence technique et 
professionnelle de cet organisme. Quant a savoir si toutes 
les décisions €conomiques et importantes prises par cette 
société par le passé ont été sages est une autre question, 
mais ses performances techniques dans les domaines que 
nous avons étudiés méritent certainement a mon avis le 
respect international. 


Pour ce qui est de la loi régissant ce domaine, elle 
releve de la compétence fédérale, mais nous avons décidé 
que cela ne nous arréterait pas. Personne ne nous avait 
demandé d’examiner la Commission de controle de 
énergie atomique. Nous lavons fait, et de nombreux 
groupes d’intervenants nous ont vivement recommandé 
de dire qu'il faudrait remplacer la bonne et neutre 
Commission de controle de lénergie atomique par 
quelque chose qui ressemblerait davantage au modeéle 
américain, dont le rdle consiste plut6t a prescrire des 
reglements et a s’occuper des questions juridiques qui 
Opposent les parties. Nous en sommes venus a la 
conclusion que cela n était pas nécessaire. 


Mais les critiques a lVégard de la Commission de 
controle de l’énergie atomique, c’est-a-dire qu'elle a une 
interpretation trop étroite de son mandat... Oui, nous 
étions d’accord avec cela, nous l’avons dit et nous avons 
fait des recommandations quant a ce qui devrait arriver a 
la Commission; et j’espére que vous me poserez des 
questions a ce sujet. Apres tout, il s'agit d'un domaine qui 
releve de la compétence fédérale; la sécurité des centrales 
nucléaires releve de la compétence fédérale. Méme si j’ai 
regu mon mandat du gouvernement provincial, j'ai décidé 
que je devais me mettre le nez dans les affaires du fédéral, 
quoi qu’il en soit. 


Enfin, pour ce qui est des mesures d’urgence, nous en 
sommes venus a la conclusion que le gouvernement de 
l'Ontario n’avait pratiquement rien fait a ce sujet. Cela ne 
peut étre toléré, et nous ne nous sommes pas génés pour 
le dire, de sorte qu’ils ont effectivement réagi depuis. 

Voila qui 
liminaires. 


complete, madame, mes _ remarques 


La présidente: Merci beaucoup, monsieur Hare. Nous 
vous remercions de ces remarques liminaires. Ce que vous 
dites au sujet de la Commission de controle de l’énergie 
atomique est trés intéressant. Elle reléve de la compétence 
fédérale. Elle a déja comparu devant notre Comité une ou 
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three times. We have studied their mandate and feel there 
is a lot of room—in fact much room—for improvement. 
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Mr. MacLellan: Thank you you very much for taking 
the time to be here today. 


On your last remark, on the result of an emergency, 
that you felt the Province of Ontario was unprepared. . . 
and you say that situation has improved since then. What 
have they done, Dr. Hare, to correct this situation? 


Dr. Hare: Nobody has told me, but I hear rumours that 
they have actually appropriated the funds necessary to put 
their own emergency plan into action, which they had not 
done up to the time of my report. 


In effect, a nuclear emergency plan is a system of 
mobilization. You do not expect nuclear emergencies to 
occur. They are unlikely to occur. Hence what you need 
is a system of mobilization in which people have defined 
jobs to do; where the material resources exist to back it 
up, as, for example, the capacity in the hospital system to 
absorb a certain number of radiological casualties; and 
thirdly, where funds or resources are provided to create 
what amounts to stockpiles of equipment and skills that 
can be used in the event of an emergency. 


All of this had been spelled out in detail by the 
Ontario Emergency Preparedness people, and in 1985 the 
province adopted a plan for dealing with nuclear 
emergencies, which is in some ways a model. It does all 
the things I think a plan ought to do. Then it sat. 


When I reported to the government, there were just 
two people in the whole province working on this subject. 
There had been no action at all on the plan. It existed 
only on paper, in effect, outside the gates of the plants. 
Inside the plants, Ontario Hydro is well organized. It 
spends about $6 million a year just on standing by and 
waiting. But outside the gates, apart from some activity by 
the concerned municipalities and regions, such as the 
Durham region, which I am dealing with at the moment, 
no action had been taken to give any guts to this plan. It 
existed on paper; but I felt this was not good enough. 


Mr. MacLellan: So really what they have done is they 
have requested the funds, and we really do not know what 
the actual details are. 


Dr. Hare: No, we have no details. 
Mr. MacLellan: On page 16 you said: 


Because recent studies in England have nevertheless 
shown a_ possible association between lymphoid 
leukemias in persons under 25 years and proximity to 
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deux fois, ou peut-étre méme trois fois. Nous avons étudié 
son mandat et nous en avons conclu qu'elle pourrait 
certainement faire beaucoup mieux. 


M. MacLellan: Merci beaucoup d’avoir pris le temps de 
venir ici aujourd hut. 

En ce qui concerne votre dernier commentaire, sur ce 
qui arriverait en cas d’urgence, vous avez dit que la 
province de |’Ontario a votre avis n’était pas préte... et 
vous dites que la situation s'est améliorée depuis. Qu’ont- 
ils fait. monsieur Hare, pour corriger la situation? 


M. Hare: Personne ne me I’a dit, mais j’ai entendu dire 
qu’ils ont en fait affecté les fonds nécessaires pour mettre 
en place leur propre plan d’urgence, ce qu’ils n’avaient 
pas fait lorsque j’ai réedigé mon rapport. 


Un plan d’urgence en cas d’accident dans une centrale 
nucléaire est en fait un systeme de mobilisation. On ne 
s’attend pas a ce qu’un accident nucléaire survienne. II est 
tres peu probable qu'un tel accident se produise. Par 
conséquent, ce dont on a besoin, c’est d’un systeme de 
mobilisation selon lequel les gens ont quelque chose de 
défini a faire; ou les ressources matérielles existent pour 
l'appuyer, par exemple la capacité du systeme hospitalier 
d’absorber un certain nombre de victimes d’accidents 
radiologiques. Troisiemement, c’est un systeme ou des 
fonds ou des ressources sont alloués pour créer ce qui 
€quivaut a des stocks de matériel et de compétences qui 
peuvent €tre utilisés en cas d’urgence. 


Tout cela avait été expliqué en détail par le bureau 
ontarien de Protection civile Canada et en 1985 la 
province a adopté un plan pour faire face aux situations 
d’urgence nucléaires qui est, d’une certaine fagon, un 
modele. Il prévoit tout ce qu’un plan doit prévoir. Mais 
on n’y a pas donne suite. 


Lorsque j’ai fait rapport au gouvernement, il n’y avait 
que deux personnes dans toute la province qui se 
penchaient sur cette question. Aucune mesure n’avait été 
prise pour donner suite au plan. Hors des murs des 
centrales, ce plan n’existait en fait que sur papier. A 
Vintérieur des  centrales, Hydro-Ontario est bien 
organisée. Elle consacre environ 6 millions de dollars par 
année pour la seule prévention. Mais a l’extérieur des 
centrales, a part certaines activités des municipalités des 
régions intéressées, comme la région de Durham, dont je 
m’occupe en ce moment, aucune mesure n’avait été prise 
pour donner suite au plan. Il existait sur papier; mais a 
mon avis cela n‘était pas suffisant. 


M. MacLellan: Donc ils ont en fait demandé des fonds, 
et nous n’en connaissons pas réellement les détails. 


M. Hare: Non, nous n’avons pas de détails. 
M. MacLellan: A la page 16, vous dites: 


Etant donné que des études récentes effectuées en 
Angleterre ont malgré tout démontré qu’il y avait un 
lien possible entre les leucémies lymphoides chez les 
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epidemiological means to establish whether children or 
young adults in communities near reactors show 
increased leukemia incidence. 


Is there anything to indicate that may be the case in 
Canada? 


Dr. Hare: I am not aware of any evidence that suggests 
this, but prudence suggests that if an apparent association 
exists in England, it may exist here. The difference is that 
the English have very detailed health statistics, broken 
down very tightly by special units, and on the whole we 
do not. We have good statistics, but they are not refined 
spatially. Hence it is very difficult to make this kind of 
relationship clear in this country. 


But before I made this report, the Atomic Energy 
Control Board had already agreed to do a feasibility study 
to see whether it would be possible to test our population 
for the same relationships. It is not obvious that it is 
possible. There are not very many people living near our 
nuclear plants. except at Pickering. In Britain, because of 
the population density, there is a large population that 
can be sampled everywhere on a very detailed basis. My 
Suggestion to them was that they at least do this for 
Pickering and adjacent communities and for Deep River, 
just to see whether the statistics are parallel to the British 
experience. 


Mr. MacLellan: From your own experience, though, 
are they somewhat parallel, other than in the proximity of 
the plants to the population? 


Dr. Hare: No. Deep River is, of course, a nuclear 
community, and as far as I know there is nothing in the 
health statistics at Deep River to suggest that living there, 
close to Chalk River, has had any adverse effect upon 
them. The work force at Chalk River has been 
remarkably healthy. This includes the people who were 
exposed to the two severe accidents at Chalk River. So 
there is nothing in our record to suggest that there was 
any cause for alarm, but there is this report from the 
United Kingdom, which is the best report I have ever read 
in this area. It is quite literally true that all over the world 
where there are reactors people are looking at this and 
realizing it has to be at least sounded out for their own 
countries. 
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The Chairman: Russell, we took our trip to Chalk 
River. Remember, they certainly were studying the people 
who worked there. It was remarkable. 


dinstallations nucléaires. on devrait prendre tous les 
moyens €pidémiologiques possibles pour déterminer si 
Vincidence de la leucémie est plus élevée chez les 
enfants ou les jeunes adultes vivant dans des 
collectivités qui se trouvent pres des centrales 
nucléaires. 


Y a-t-il quoi que ce soit pour indiquer que cela 
pourrait étre le cas au Canada? 


M. Hare: A ma connaissance, rien ne semble indiquer 
une telle chose, mais la prudence laisse supposer que s’il y 
a un lien apparent en Angleterre. il y en a peut-étre un 
ici. La_ difference, c’est que les statistiques des 
Britanniques sont tres détaillées dans le domaine de la 
santé, €tant ventilées trés exactement par unités spéciales, 
ce qui n’est pas le cas chez nous. Nous avons de bonnes 
Statistiques, mais elles ne sont pas aussi détaillées. Par 
conséquent, il est trés difficile d’établir clairement ce lien 
au pays. 


Mais avant que je prépare mon rapport, la Commission 
de controle de l’énergie atomique avait déja accepté de 
faire une étude de faisabilité pour voir sil était possible 
de soumettre notre population a des tests pour établir s’il 
y avait ces mémes liens. Il n’est pas évident que cela soit 
possible. Il n’y a pas un tres grand nombre de personnes 
qui vivent pres de nos centrales nucléaires, sauf a 
Pickering. En Grande-Bretagne, en raison de la densité de 
la population, il est possible de prendre un échantillon de 
la population un peu partout de fagon trés détaillée. Je 
leur ai donc suggéré de le faire au moins pour Pickering 
et les communautés adjacentes et pour Deep River, 
simplement pour voir si les statistiques sont comparables 
a celles de la Grande-Bretagne. 


M. MacLellan: D’aprés votre propre expérience, 
cependant, elles sont en quelque sorte comparables, sauf 
pour ce qui est de la proximité des centrales par rapport a 
la population? 


M. Hare: Non. Deep River est évidemment une 
communauté nucléaire, et que je sache, les statistiques 
n’indiquent aucunement que le fait de vivre a Deep River, 
pres de Chalk River, puisse avoir des conséquences sur la 
santé de la population. Les employés de Chalk River sont 
remarquablement en bonne santé, y compris ceux qui ont 
été exposés aux deux accidents graves survenues la-bas. 
Rien dans nos dossiers n’indique qu’il y ait des raisons de 
s‘inquiéter, mais il y a bien un rapport en provenance du 
Royaume-Uni et, a mon avis, c’est ce qui s’est fait de 
mieux dans ce domaine. II s’est avéré que partout dans le 
monde ou se trouvent des centrales, il y a des gens qui se 
penchent sur cette question, car ils se sont apergu qu’il 
fallait a tout le moins s’en soucier pour leur pays. 


La presidente: Russell, nous sommes allés a Chalk 
River. Rappelez-vous qu’il y avait €videmment des gens la 
qui €tudiaient la chose. Cela sautait aux yeux. 
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Mr. MacLellan: Yes. It is funny they do not have more 
statistics, though. All that work and no statistics: it ts 
unlike government agencies. 


You mentioned the pressure tubes, sir, and you say on 
29 that: 


I am not convinced there is no danger from public 
exposure, especially if the failure spreads to other fuel 
channels. 


What exactly do you mean by that? 


Dr. Hare: Of course, the inside of a calandria is a 
complicated place, as you know, with 380 or 480 of these 
tubes close to one another. So far in the two serious 
accidents that have taken place at Pickering and Bruce, 
the failure did not spread to other tubes. 


There is some fear—or was rather than is, because it 
has largely been allayed now—that one of these bursts 
might be of such severity that the calandria tube might 
break and swing into its neighbours and produce a 
cascade of physical damage inside the reactor, which I 
suspect would then blow the reactor seal more rapidly, 
and [ am not quite sure that would not break 
containment. 


I have to say that this is leaning over backwards in the 
direction of caution, because almost unanimously my 
advisers say that will not happen. But I smelled a rat 
about this. [ thought that, with all this pressure on all 
these tubes, it was not inconceivable there might be a 
muliplying break in the calandria that would start 
something that would break the containment. 


It is worth remembering that the two breaks we are 
dealing with... As for the one in Pickering, we are 
dealing with a reactor with an exceptionally strong 
containment system. Even if it had been much worse, it 
would have been contained. In the newer reactors, 
because they have two shutdown systems, the containment 
is not quite as secure as that at Pickering. That is why I 
put in the remark, just to call attention to the fact that 
this is a serious problem that must not be overlooked 
simply because it has happened twice and has been 
contained. 


Mr. MacLellan: You mentioned the importance of 
AECL and Ontario Hydro working together. It seems that 
Ontario Hydro, of course, is the beneficiary mainly of the 
expertise of AECL, and yet there are people questioning 
the role of AECL, which I think is still very important, 
and I gather from your report that you do as well. 
Perhaps you could give us your additional feeling on the 
importance of AECL, particularly its research and 
development work, to the role of Ontario Hydro. 
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M. MacLellan: Oui. II est curieux toutefois qu’il n’y ait 
pas plus de statistiques. Tout ce travail et pas de 
Statistiques: — C'est inusiteé pour un — organisme 
gouvernemental. 


Vous faites allusion aux tubes de force et vous dites a la 
page 29: 


Je ne suis pas convaincu qu'il n’y ait aucun risque 
d’exposition pour le grand public, surtout si une 
rupture s’étend a d’autres canalisations de combustible. 


Au juste qu’entendez-vous par la? 


M. Hare: Bien entendu, lintérieur d’une calandre est 
une chose bien compliquée. comme vous savez, car elle 
comporte 380 ou 480 tubes serrés les uns contre les 
autres. Jusqu’ici, lors des deux accidents graves qui se sont 
produits a Pickering et a Bruce, la rupture ne s’est pas 
propagée a d’autres tubes. 


On craint toujours—ou I’on craignait toujours, devrais- 
je dire, car cette crainte s'est en majeure partie dissipée— 
qu'il y ait une rupture tellement importante qu’elle puisse 
se propager aux tubes de la calandre et aux tubes 
avoisinants, de maniere a produire une séquence de dégats 
matériels au sein du réacteur, et j’ai a Vidée que cela 
pourrait faire sauter la gaine du réacteur plus rapidement, 
et je doute que l’enceinte de confinement puisse alors 
rester intacte. 


Je dois ajouter qu’il s’agit d’un cas extréme contre 
lequel il faut se prémunir, car presque tous mes 
conseillers me disent que la chose est impossible. Mais 
cela m’a mis la puce a loreille. Vu l’immense pression 
qui sexerce sur tous les tubes de force, il ne me semble 
pas inconcevable qu’il y ait une rupture multiple dans la 
calandre, ce qui pourrait entrainer des dommages a 
l’enceinte de confinement. 


Il importe de se rappeler que les deux ruptures dont 
nous parlons... Pour ce qui est de Pickering, le réacteur 
qui sy trouve est doté d’une enceinte de confinement 
exceptionnellement résistante. Méme si la rupture avait 
été beaucoup plus grave, l’enceinte de confinement serait 
restée intacte. Dans les nouveaux réacteurs, vu l’existence 
d’un double systeme d’arrét, l’enceinte de confinement 
n’offre pas le méme degré de difficulté que celle de 
Pickering. Voila pourquoi j’ai inséré cette remarque, 
simplement pour signaler qu’il s’agit d’une_ grave 
éventualité qu'il ne faut pas négliger tout simplement 
parce que l’on a pu limiter les dégats lors de deux 
accidents antérieurs. 


M. MacLellan: Vous dites qu’il est important que 
VEACL et Hydro-Ontario puissent collaborer. Il me 
semble évident qu’Hydro-Ontario est l’organisme qui 
profite le plus des connaissances techniques de l’7EACL; 
pourtant, certains contestent encore le role de l’EACL, 
qui est fort important, 4 mes yeux, chose que vous laissez 
aussi entendre dans votre rapport. Vous pourriez peut-étre 
développer votre pensée quant a l’importance de | EACL, 
notamment de ses travaux de recherche et de 
développement, pour le bon fonctionnement d’Hydro- 
Ontario. 
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Dr. Hare: I may say by way of preface that there 
certainly is not any great amount of love lost between the 
technical staffs of these two bodies. You hear a lot of 
criticism of AECL at Ontario Hydro, whereas [ have not 
heard AECL people binding about Hydro. But I certainly 
have heard Hydro men taking AECL apart. 


So I did not put these remarks in here because I 
wanted to please Hydro. I think Hydro would enjoy the 
feeling of self-sufficiency. I also think it is one of Hydro’s 
weaknesses that they have this feeling, that they like to be 
self-sufficient, and the report contains formal 
recommendations that they would be better off if they had 
a broader contact with the scientific and technical 
community. 


Now, specifically as regards AECL, the experimental 
facilities that AECL have, particularly at Chalk River but 
also to a large extent at Whiteshell, are completely 
fundamental to such kinds of research as, for example, 
fuel channel research. It is true that there is fuel channel 
research in progress in Hydro’s own labs on Kipling 
Avenue in Toronto. It is true that certain facilities exist at 
Canadian Westinghouse, and used to exist in Canadian 
General Electric, where similar fuel channel research 
could be undertaken. But the major centre—and it is the 
major world centre of research in this area—is Chalk 
River, with a notable assist from Whiteshell. 


e235 


If there is any question at all about not only the safety 
of the present fuel channel installations but indeed the 
calandria and the reactors generally, then it has to be 
answered not really in Hydro facilities but in AECL’s 
labs. 


It is not just a question of the role of the research 
corporation, the research company. Some of the work in 
the AECL engineering labs is work that is pretty 
fundamental to the proper operation of CANDU reactors, 
including such things as remote control inspection 
systems for pressure tubes, the SLAR program. 


So I see AECL’s role as absolutely crucial to not only 
the future economic basis of Hydro but public safety 
itself, which is why I find it hard to be very sympathetic 
towards the rather, I think, heavy-handed reductions in 
expenditure the federal government has entered into with 
AECL. I do not approve of those reductions. 


I do approve of there being a relationship between the 
amount of expenditure that we are prepared to admit is 
right for AECL and our ability to sell reactors overseas. I 
am not a salesman and I neither want nor “unwant” to 
sell reactors; but I am very much concerned with the 
safety, security, and performance of our own reactors, and 


Energy, Mines and Resources 


16-6-1988 


| Translation| 

M. Hare: Je dirai. en guise de préface, que les relations 
entre le personnel technique de ces deux organismes ne 
sont pas manifestement des plus amicales. On entend 
beaucoup de critiques de VEACL a _ Hydro-Ontario, 
quoique je nate pas entendu des gens de |!EACL se 
plaindre d’ Hydro-Ontario. Chose certaine, toutefois, il y a 
des gens d’Hydro-Ontario qui s’en prennent a VEACL. 


Je n’ai toutefois pas inscrit ces remarques afin de faire 
plaisir a Hydro-Ontario. Je crois qu’Hydro-Ontario serait 
ravie de se sentir autonome. J’estime aussi que cest la 
lune de ses faiblesses, ce désir d’étre autonome, voila 
pourquoi, dans les recommandations officielles qui 
figurent dans mon rapport, j’affirme qu il serait dans 
Vinterét d’Hydro-Ontario de multiplier ses contacts avec 
la collectivité scientifique et technique. 


Plus» precisement, en Cesqul a. (faltea) | eANCl mes 
installations expérimentales dont elle dispose, notamment 
a Chalk River mais aussi, dans une grande mesure, a 
Whiteshell, sont tout a fait essentielles a ce genre de 
recherche, comme les travaux sur les canalisations de 
combustible, par exemple. Il est vrai que de tels travaux 
de recherche se déroulent présentement dans les 
laboratoires d’Hydro-Ontario sur l’avenue Kipling a 
Toronto. Il est vrai que certaines installations se trouvent 
a Canadian Westinghouse et se trouvaient jadis a 
Canadian General Electric, ou des travaux de ce genre 
peuvent étre effectués. Mais le principal centre de 
recherche—et c’est l'un des plus importants au monde 
dans ce domaine—se trouve a Chalk River, avec un 
appoint notable de la part de Whiteshell. 


Si quelque doute subsiste quant a la sécurité non 
seulement des canalisations actuelles de combustible mais 
aussi des calandres et des réacteurs en général, il sera 
dissipé non pas dans les installations d’Hydro-Ontario, 
mais dans les laboratoires de 1EACL. 


La question ne se résume pas simplement 4a ce role de 
la société en matiere de recherche. Certains des travaux de 
genie qu’elle effectue dans ses laboratoires revétent un 
aspect essentiel pour le bon fonctionnement des réacteurs 
CANDU, entre autres choses, ces régimes d’inspection a 
telecommande pour les tubes de force, le programme 
SLAR. 


Pour moi, le rdle de ’EACL est absolument crucial 
non seulement pour la stabiliteé économique d’Hydro- 
Ontario, mais aussi pour la sécurité publique elle-méeme, 
voila pourquoi j’ai beaucoup de mal a accepter les 
compressions budgétaires, bien maladroites, a mon avis, 
que le gouvernement fédéral a imposées a | EACL. Je ne 
peux approuver ce geste. 


Ce que j’approuve, c’est qu'il y ait un lien entre les 
dépenses que nous permettons a l’EACL de faire et notre 
capacité a vendre des réacteurs a l’étranger. N’étant pas 
vendeur, je ne suis ni pour ni contre la vente de réacteurs, 
mais je m/intéresse de tres pres a la sécurité et au 
rendement de nos propres réacteurs, qui dependent 
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that depends heavily on facilities that are at present 
financially strapped because of federal action. 


It is not entirely the federal government’s fault—do not 
get me wrong. It is just that, it seems to me, there is a 
jurisdictional hang-up here that needs straightening out. 


The Chairman: Is that not interesting, because it almost 
makes me believe that you have been listening to some of 
Our in camera meetings. We have exactly the same 
feelings and concerns. 


Mr. Porter: Dr. Hare, may I welcome you, too, on 
behalf of the committee. We have looked forward to 
having you appear before us today. 


I have a number of questions I would like to ask as a 
result of the report; but, before I do, we have had people 
appear before this committee and the committee has 
travelled and I think we have all been impressed by some 
of the facilities and the safety standards we have seen. We 
have had groups before us who have indicated that they 
are trying to make the public as aware as they can of the 
progress that is being made in this way. 


Yet I guess an example was on television last night. I do 
not know whether you saw The Journal, where a 
company called Airco was hauling supposedly 
contaminated rock—it was in Quebec—that was being 
used for road surfacing and even in some areas of 
construction. It does very little to instil much confidence 
in the public when they see something like that. I do not 
know how much truth is in that and how much danger 
there could have been, but certainly there is apprehension 
among the general public and we seem to be going to a lot 
of pains to make sure that facilities, the handling of 
materials, and the use we are going to require of nuclear 
power in the future are going to be readily available. 


I do not know whether you wish to comment on that 
before I touch on some of the areas where you may wish 
to, and I do not know whether you are aware of that 
situation. 


Dr. Hare: I had not come across that particular one, 
but almost every day something happens. To anyone who 
does not know the difference between one kind of 
radioactive Operation and another, it sounds terrible—and 
indeed sometimes is terrible. There is no question that it 
is very hard to maintain discipline throughout this 
industry. 


° 1240 


Of course, I was talking about Ontario Hydro, its 
central reactor operations, and at that level the discipline 
is quite excellent, and the training is excellent. At the 
other end, the trucking end, of loose ores and aggregates, 
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énormement des installations qui subissent présentement 
le contrecoup de ces compressions budgétaires imposées 
par le fédéral. 


Il ne faut pas en imputer entierement la faute au 
gouvernement fédéral—comprenez-moi bien. C'est tout 
simplement qu'il me semble y avoir un malentendu en 
matiere de compétence qu’il faudra bien dissiper un jour 
ou l’autre. 


La présidente: Vous m/intriguez, car l’on pourrait 
presque croire que vous avez assisté a quelques-unes de 
nos reunions a huis clos. Nous avons exactement le méme 
sentiment et les memes apprehensions. 


M. Porter: Monsieur Hare, je tiens moi aussi a vous 
souhaiter la bienvenue au nom du Comité. Nous 
attendions avec impatience votre temoignage 
d’aujourd’hui. 

Il y a un certain nombre de questions que j'aimerais 
poser, suite a la présentation du rapport; mais auparavant, 
je dirai que tous les membres du Comité, qui ont entendu 
d’autres t€moins et qui ont fait la tournée, ont été 
impressionnés par quelques-unes des installations et des 
normes de sécurité dont ils ont pris connaissance. [I y a 
méme certains groupes qui nous ont laissé entendre qu’ils 
s’efforcaient le plus possible de faire connaitre au grand 
public les progrés qui ont été réalisés dans ce domaine. 


Par ailleurs, je songe a des choses comme |’émission 
télévisée que j’ai vue hier soir. J’ignore si vous avez vu 
cela a The Journal, mais on parlait d’une société appelé 
Airco. qui apparemment- extrairait des roches 
contaminées—c’est au Québec—que l’on emploie ensuite 
pour le revétement des routes et pour certains travaux de 
construction. Cela ne peut qu’inspirer de la méfiance dans 
esprit des gens qui voient cette chose-la. J’ignore dans 
quelle mesure ce reportage est exact, sil y avait 
effectivement des risques, mais chose certaine, cela suscite 
des apprehensions chez le grand public, alors que nous 
déployons apparemment beaucoup d’efforts a légard des 
installations nucléaires, de la manutention des matériaux, 
des usages de l’énergie nucléaire que nous cherchons a 
répandre. 


Peut-€tre voudriez-vous commenter ce fait avant que je 
n’aborde les questions qui vous intéressent plus 
précisément; je me demande si vous étes au courant de 
cette situation. 


M. Hare: J’ignorais tout de cette situation, masi il se 
passe quelque chose de semblable presque tous les jours. 
Pour ceux qui ne peuvent distinguer entre les diverses 
formes d’exploitation des matériaux radioactifs, cela peut 
sembler horrible—et cela l’est parfois. Il ne fait aucun 
doute qu/il est bien difficile de maintenir la discipline au 
sein de lindustrie. 


Bien entendu, je parlais d’Hydro-Ontario, de son 
exploitation du réacteur central, et a ce niveau la 
discipline et la formation sont excellentes. A _ l’autre 
extréme, au niveau du transport par camion du minerai et 
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while I do not know very much about it, it is quite clear it 
is not always as tight as it should be. 


Mr. Porter: [ just point that out because I[ think it was a 
perception of the public, and they are not going to 
differentiate. It is just another type of thing that I think ts 
of concern to them. 


In your recommendations on page 4 you mention 
there are complaints that upward-directed safety 
recommendations are not always acted upon. Are you 
suggesting that senior officials do not take action on some 
of the recommendations provided to them? Is that what 
you meant by upward-directed safety recommendations? 


Dr. Hare: Yes. I put a team of industrial consultants— 
not from the nuclear industry—into the reactors and 
asked them to report on how it was done. [ also talked to 
spokesmen from the unions. Both my consultants and 
some of the union people who spoke to me complained 
about the fact that from time to time what they regarded 
as useful and valid suggestions concerning safety were sent 
upwards and that was the last they ever heard of them; 
they seemed to disappear into thin air. 


Ontario Hydro has a body called the Nuclear Integrity 
Review Committee, NIRC, headed by Bill Morrison, who 
is their senior nuclear engineer and a very greatly 
respected international figure. Hydro insisted that every 
such complaint would reach the ears of this committee 
and be investigated. But the union men that I spoke to 
actually denied they knew of the existence of this 
committee. We got the feeling that all was not absolutely 
well about the upward-reporting techniques. I am making 
allowance for the fact that unions generally do not say 
anything good about management and vice versa. 


Even allowing for that, we got the feeling there was a 
need to shake the system up a bit. Knowing Ontario 
Hydro, I am quite certain that remark has already torn 
around the place. They respond to criticism very rapidly 
indeed. By the way, Ontario Hydro will be publishing a 
response volume to these criticisms very shortly. 


Mr. Porter: I assume they would respond too where 
you have said there appear to be undesirable differences 
in safety systems and radiological performance between 
stations. Is there not a prescribed safety standard across 
the board between stations? 


Dr. Hare: Oh, yes. Of course, what happens is that the 
Atomic Energy Control Board sets standards in the shape 
of such things as levels of worker exposure that may not 
be exceeded, levels of emission of radioactive materials 
that may not be exceeded so as to protect the public, and 
generally the reactors operate far below these limits 
voluntarily. In general, in most of these areas, the effort is 
to operate at no more than 1% of the permitted limit, so 


Energy, Mines and Resources 


16-6-1988 
| Translation| 
des agrégats, quoique je connaisse bien peu de choses a ce 
sujet, il me semble évident qu’un certain relachement 


inacceptable puisse se produire. 


M. Porter: Je le signale tout simplement parce que c'est 
ainsi que le grand public voit la chose, sans prendre la 
peine de faire des distinctions. C'est l’un des aspects de 
cette question qui semble préoccuper les gens. 


Dans vos recommandations a la page 4, vous dites que 
Von se plaint que les mesures de sécurité qui y sont 
préconisées sont parfois laissées sans suite 4 un niveau 
supérieur. Faut-il entendre que les cadres supérieurs ne 
donnent pas toujours suite aux recommandations qui leur 
sont transmises? Est-ce cela que vous entendez par 
recommandations de sécurité a un niveau supérieur? 


M. Hare: Oui. J’ai demandé a une équipe d’experts- 
conseils—non pas du secteur nucléaire—d’examiner la 
question des réacteurs et de me préparer un rapport a ce 
sujet. J’ai aussi eu des entretiens avec les porte-parole des 
syndicats. Tant ces experts-conseils que certains délégués 
syndicaux se sont plaints a moi que, dans certains cas, les 
propositions qu’ils jugeaient utiles et valables en matiére 
de sécurité avaient été transmises aux autorités. mais qu’ils 
n’en avaient plus jamais entendu parler par la suite; elles 
semblaient s’étre volatilisées. 


Hydro-Ontario s’est doté d’un organisme appelé le 
Comité d’examen de l’intégrité nucléaire, le CEIN, que 
préside le principal ingénieur nucléaire, M. Bill 
Morrison, qui jouit d’une- grande réputation 
internationale dans ce domaine. Hydro-Ontario soutient 
que toute plainte valable est transmise a ce comiteé et fait 
Vobjet d’une enquéte. Mais les délégués syndicaux a qui 
jai parlé m’ont déclaré qu’ils ignorent l’existence de ce 
comité. Nous avons eu le sentiment que tout ne marche 
pas trés bien pour ce qui est de l’acheminement des 
requétes aux paliers supérieurs. Je tiens compte du fait 
que les syndicats et la direction ont le plus souvent des 
reproches mutuels a se faire. 


Méme a cela, il nous a semblé que certains 
changements s’imposent. Connaissant Hydro-Ontario, je 
n’ai aucun doute que cette remarque a déja fait le tour des 
lieux. Elle réagit fort promptement aux reproches qui lui 
sont formulés. Soit dit en passant, Hydro-Ontario publiera 
sous peu une brochure renfermant sa réponse a ces 
critiques. 


M. Porter: J’imagine qu’elle aura un mot a dire quant 
aux divergences peu souhaitables que vous avez relevées 
dans les systemes de sécurité et le rendement radiologique 
des diverses centrales. N’y a-t-il pas des normes de sécurité 
prescrites pour toutes les centrales. 


M. Hare: Oui, bien sur. En fait, c’est la Commission de 
controle de l’énergie atomique qui fixe les normes pour 
diverses choses, telles les doses limites d’exposition au 
rayonnement pour le personnel, les doses limites de 
libération de radioactivité pour la protection du grand 
public et, en général, les réacteurs fonctionnent 
volontairement bien en-dega de ces limites. Dans la 
plupart des cas, en général, on s’efforce d’atteindre pas 
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they have two orders of magnitude. In other words, they 
have two zeros of freedom there because they are well 
below the permitted limit. That is the general principle. 


Some stations, we noticed, consistently did better than 
that. Pickering “B”, for example, and Bruce “B” quite 
often are operating in three or four of these domains at 
only about one-thousandth of the level which is legally 
permitted, which is a really excellent performance. On 
the other hand, Bruce “A” in some respects operates right 
up to the permitted level or close to it, and we could not 
see why such differences should exist, nor could I get any 
good explanation as to why they existed. 


That is the basis for that paragraph. I was dissatisfied by 
what appeared to be managerial differences between 
stations that were tolerated, and I thought they should be 
removed and looked at, which is why I recommended that 
Ontario take a look at this. Incidentally, I can again 
confirm that they are doing so. I have had a lot of dealings 
with Hydro since then. 
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Mr. Gagnon: Dr. Hare, I am certainly delighted to have 
a person of your stature address us. Would you put your 
professional qualifications on the record, some of the 
things you have done in your career—that is, prior to 
becoming chancellor at a salary of zero dollars a year? 


Dr. Hare: I am afraid I have done a large number of 
things. [ am 69 years old, and there has been plenty of 
time to cram a lot in. 


By profession, I am an atmospheric scientist and 
university teacher. I am a climatologist. My major 
research interest, my concentration in the last few years, 
has been in the Greenhouse Effect. I am chairman of the 
Advisory Group on Greenhouse Gases of the UN System. 
That has been my major interest through many years of 
life. 


However, something like 12 years ago I began a series 
of public inquiries of this sort, not because I wanted to 
but because I was asked to. The Minister of Energy, Mines 
and Resources asked me to look at the nuclear waste 
disposal issue in 1977, not because I knew anything about 
it but because I did not. I had a reputation outside and 
they wanted to get an external look. 


Since that time, largely through the Royal Society of 
Canada, I have conducted public inquiries or scientific 
inquiries into a whole variety of things. For example, in 
the acid rain field, the acid deposition field, I was the 
Canadian chairman of the joint committee of the two 
academies across the border on this subject for two years. 
I was the chairman of the Canadian Peer Review Panel 
under the Canada-U.S. Memorandum of Intent to reduce 
trans-boundary air pollution. Bill Nierenberg was the 
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plus de 1 p. 100 des doses limites prescrites, ce qui donne 
deux ordres de grandeur. Autrement dit, on jouit d’une 
é€norme latitude en s’en tenant a un tel pourcentage en- 
dega des doses limites. Voila le principe qui est 
généralement suivi. 


Nous avons constat€ que certaines centrales atteignent 
largement cet objectif. Ainsi, Pickering «B» et Bruce «B» 
fonctionnent bien souvent, dans trois ou quatre de ces 
domaines, a seulement un milliéme du niveau de la dose 
limite légitime, ce qui constitue un excellent rendement. 
D’autre part, Bruce «A», a certains moments, atteint, a 
peu de choses pres, la dose limite de fonctionnement 
prescrite, et nous ne pouvons comprendre pourquoi de 
telles divergences existent, et nous n’avons pas regu de 
bonnes explications a cet égard. 


Voila la raison d’étre de ce paragraphe. Je n’admets 
guére que l’on puisse tolérer de telles divergences au 
niveau de la gestion des diverses centrales. Je crois qu’il 
faudrait examiner la situation et tenter de les éliminer; 
voila pourquoi jai fait cette recommandation a Hydro- 
Ontario. Soit dit en passant, je peux vous confirmer que 
c’est ce qu'elle fait en ce moment. Depuis lors j’ai eu de 
nombreux contacts avec Hydro-Ontario. 


M. Gagnon: Je suis enchanté que nous ayons l’occasion 
de nous entretenir avec vous car nous savons tous bien 
entendu que vous étes une personnalité de premier plan. 
Pourriez-vous nous dire briévement ce que vous avez fait 
avant de devenir chancelier, poste qui ne comporte aucun 
salaire? 

M. Hare: J’ai fait énormément de choses. Comme j’ai 
déja 69 ans, j’ai eu une vie bien remplie. 


Je suis un spécialiste des sciences de l’atmosphére et de 
la climatologie et j’ai enseigné a luniversité. Depuis 
quelques années, je m/’adresse plus particuliérement a 
effet de serre et je suis d’ailleurs le président du groupe 
consultatif de VONU sur leffet de serre. C’est une 
question qui me passionne depuis de nombreuses années. 


Il y a une dizaine d’années environ, j’ai été invité a 
mener des enquétes publiques. En 1977, le ministre de 
l’Energie, des Mines et des Ressources de l’€poque m’a 
invité a étudier la question de l’évacuation des déchets 
nucléaires, question que jignorais d’ailleurs, mais il 


S’agissait justement d’avoir lavis d’un — spécialiste 
impartial. 
Depuis lors j’ai mené toute une série d’enquétes 


scientifiques dans différents domaines, essentiellement par 
le truchement de la Société royale du Canada. Ainsi je 
suis le président canadien du Comité mixte des académies 
canadienne et ameéricaine chargé d’étudier les pluies 
acides. J'ai également présidé le groupe canadien chargé 
de vérifier des accréditations dans le cadre du protocole 
d’entente Canada-Etats-Unis en vue de la réduction de la 
pollution atmosphérique  transfrontaliere. M._ Bill 


a = 16 


| Texc| 

American co-chairman. Then at Joe Clark’s request I did 
the Canadian Public Study of the Nuclear Winter 
Phenomenon. That was the document that went to the 
UN General Assembly. Mr. Clark tabled it there. I was for 
two years the chairman of the Royal Society's 
Commission on Lead in the Canadian Environment. 


So what I have become is a sort of general-purpose 
investigator of scientific things. I am not a nuclear 
scientist and I have absolutely no connection with this 
industry. I have never set foot inside the houses or the 
offices of any member of the industry or ever accepted a 
drink from one of them. So my hands are clean. 


But this is the second time I have had a really very 
deep look at the nuclear industry; and I must say it has 
been a very worthwhile thing to do. 


Mr. Gagnon: That is certainly a _ fascinating 
background. If we could ask you for some of your 
expertise, one of the areas we are grappling with. . . and it 
looks as if the four members present today all come from 
areas of fossil fuel. Speaking for myself, when I started 
this study, if my bias was known, it would probably be 
anti-nuclear, pro-fossil fuel. I have certainly reversed my 
position, just because of the Greenhouse Effect and these 
sorts of problems that we are getting into. 


What is your feeling on where the world should be 
going politically, nuclear versus fossil fuel versus 
conservation? 


Dr. Hare: I do not think governments or private 
corporations have any business forcing technologies 
people do not accept down their throats. If the public will 
not accept the nuclear technology, then I will not 
advocate it. On the other hand, I personally believe 
nuclear technology as practised in this country can be 
kept safe and the public can be adequately protected, and 
is adequately protected at the present time. That is a 
personal belief. Hence, within the kind of democracy we 
are, I guess you could say personally I am pro-nuclear. 
But I am not an advocate, in that I do not go out and try 
to get people to build more reactors. I think that is 
incompatible with the work I do, which is to try to be 
scientifically objective about things. 
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Iam not hopeful that the world will abandon the fossil 
fuels. As an atmospheric scientist, I think the fossil fuels 
are a real danger to the world environment. There does 
not seem to me to be any escape from it. I drove here, 
Madam Chairman, emitting carbon dioxide along the 
entire road, and even though my car is a new One and has 
the proper catalytic filters on it, there is some charge on 
the environment that the car makes at every stage of the 
way, and I do not see how we can escape from that for a 
very long time to come. 


The world is going to be dependent on the fossil fuels, 
and even if other countries could develop a stabilized 
nuclear industry of the sort we have, with very high 
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Nierenberg était le coprésident américain. A la demande 
de M. Joe Clark, j'ai mené |’Enquéte canadienne sur le 
phénomeéne de lVhiver nucléaire. document qui a ensuite 
été communiqué a l’Assemblée générale de LONU. Crest 
M. Clark lui-méme qui l’a déposé. Pendant deux ans, j/ai 
assuré la présidence de la Commission de la Société royale 
sur le plomb dans l’environnement canadien. 


Je suis disons en quelque sorte devenu |’enquéteur tout 
azimuts des questions scientifiques. Par contre je ne suis 
pas spécialiste des questions nucléaires et je n’ai aucun 
contact avec ce secteur. Je n’ai jamais eu de contacts quels 
quils soient avec des représentants de _ 1’industrie 
nucléaire et je suis donc parfaitement objectif a cet égard. 


Toutefois c’est la deuxieme fois que j’ai l’occasion 
d’examiner le dossier de l’industrie nucléaire, travail que 
jal d’ailleurs beaucoup apprécié. 


M. Gagnon: Vous avez effectivement une énorme 
expérience. Il se fait justement que les quatre membres du 
Comité qui assistent a cette réunion représentent des 
circonscriptions qui  possédent des gisements de 
combustible fossile. Moi-méme au début de cette enquéte 
jétais plutdt anti-nucléaire et en faveur des combustibles 
fossiles. Depuis lors j’ai changé d’idée a cause, entre 
autres, de l’effet de serre. 


A votre avis, le monde devrait-il opter pour l’énergie 
nucléaire plut6t que pour les combustibles fossiles ou 
encore plutot pour la conservation? 


M. Hare: Une technologie ne devrait jamais étre 
imposée de force ni par |’Etat ni par les entreprises. Si la 
société n’est pas préte a admettre l’énergie nucléaire, il ne 
m’appartient pas d’en prendre la défense. Pour ma part, 
jestime néanmoins que la technologie nucléaire telle 
qu’on la pratique au Canada est sans danger et que le 
public n’a rien a craindre. Donec on peut dire que 
personnellement je suis en faveur du nucléaire. Mais 
Vidée ne me viendrait pas de me faire le champion du 
nucléaire ni de parler en faveur de la construction de 
nouvelles centrales. Ce serait en effet contraire a 
Vobjectivité scientifique que je cherche a maintenir. 


J’espere cependant que les combustibles fossiles seront 
abandonnés partout dans le monde car ils constituent un 
danger réel pour l’environnement. Il n’y a d’ailleurs pas 
moyen d’y échapper. Ainsi, pour me rendre a Ottawa, j’ai 
pris ma voiture qui, bien qu’étant toute récente et donc 
équipée de filtres catalytiques, €met néanmoins du gaz 
carbonique qui s’é€chappe dans l’atmosphere. 


Le monde continuera pendant longtemps encore a 
dépendre des combustibles fossiles méme si d’autres pays 
parviennent a se doter d’une industrie nucléaire conforme 
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technical standards—and I may say I think the French 
have done that, and the British have done it very 
successfully, but other countries have been less fortunate, 
and the Americans are among that group. But even if 
everybody could agree that nuclear technology can be 
made and kept safe, you still could not make it the 
primary source of electrical power. Even if you made it 
the source for as much electric power as you could, you 
still have the problem of the mobile fuels. 


I am aware, of course, of the research that is being 
done on hydrogen as an atmospheric carrier, but then as 
an energy carrier that in itself presupposes that you have a 
source with which to dissociate the water in the first 
place, and the only source that seems to be available to us 
on any very large scale is the nuclear source. 


I thank my lucky stars, Mr. Gagnon, that I am a 
scientist and you are a politician. You have to make the 
choice and I do not. It is a very difficult choice. 


Mr. Gagnon: If we could turn our attentions to some of 
the points you have raised, Atomic Energy Control Board, 
one of the issues we have been wrestling with is the 
position of AECB and AECL on such things as setting up 
a high level repository for the spent fuel. Does the AECB 
currently set the guidelines as to what radiation 
background should be allowed? 


Dr. Hare: There is a consultative document which sets 
the board guidelines, but the whole philosophy of the 
board is that it does not specify exactly how this is to be 
done. And since nobody has ever yet created a repository, 
this remains very much in the indefinite stage, as far as I 
understand it. 


But the board certainly should be the body that sets the 
criteria that have to be met, and I think those criteria will 
be rather close to the consultative documents that are now 
floating around. There is a lot of experience worldwide, of 
course, about this question and there is no reason why the 
board should not have a firm opinion about it. 


Mr. Gagnon: Do you feel the directorship of the board 
should be increased? 


Dr. Hare: Yes. [ think perhaps my most crucial feeling 
about regulation in this whole business is that the Atomic 
Energy Control Board is too small. When I compare it 
with the regulating bodies in other countries, I am 
amazed with what they do, but at the same time I do not 
think this can continue. 


You have to remember that two members of that board 
are there ex officio anyway. The president of the board 
itself, AECB, is ex officio a member. The president of the 
National Research Council is ex officio a member. And 
with the best will in the world, Larkin Kerwin does not 
have time to sit down there day after day acting as 
somebody else’s watchdog. So you are down to three 
people who have some degree of freedom in considering 
these questions. 


Energie, mines et ressources i see 


[| Traduction| 

aux normes trés strictes comme la notre, ce qui est 
également le cas pour la France et la Grande-Bretagne; 
par contre, d’autres pays dont les Etats-Unis n’ont pas si 
bien réussi. Mais méme si tous les pays pouvaient se 
mettre d’accord sur l’énergie nucléaire, celle-ci ne peut 
pas devenir la source principale de l’électricité dont nous 
avons besoin. Et méme si c’était possible, reste toujours le 
probleme des combustibles utilisés par les véhicules a 
moteur. 


Pour obtenir de l’énergie a partir de l’hydrogéne, il 
faut commencer par dissocier l’hydrogene et l’oxygene de 
eau, ce qui exige énormément d’énergie dont la seule 
source actuelle est justement l’énergie nucléaire. 


Je remercie le sort de ne pas étre un homme politique 
et donc de ne pas étre acculé a faire des choix, car ce 
serait extremement difficile pour moi. 


M. Gagnon: Il a été question de la position de la 
Commission de controle de l’énergie atomique et de 
V’EACL en ce qui concerne les modalités d’évacuation du 
combustible usé. Est-ce la Commission de contrdle qui 
fixe les directives en ce qui concerne les niveaux de 
radiation autorisés? 


M. Hare: La Commission a effectivement des directives 
sans pour autant préciser comment elles doivent étre 
mises en oeuvre. D’ailleurs, comme il n’existe pas jusqu’a 
présent d’endroits pour l’évacuation de ces déchets, 
aucune mesure pratique n’a encore été arrétée. 


Mais en principe, c’est certainement la Commission 
qui devrait €tablir les criteres a respecter, criteres qui se 
rapprocheront sans doute de ceux qui figurent dans les 
documents  consultatifs. La Commission pourrait 
d’ailleurs €noncer un avis a ce sujet en se fondant sur les 
connaissances scientifiques les plus récentes recueillies de 
par le monde. 


M. Gagnon: Le nombre d’administrateurs qui si€gent a 
cette commission devrait-il étre accru? 


M. Hare: Certainement, car j’estime que _ la 
Commission de contréle de l’énergie atomique comporte 
bien trop peu de membres. En effet, dans d’autres pays, 
ces commissions comportent bien plus de spécialistes que 
chez nous, ce qui rend d’ailleurs le travail réalisé par la 
Commission canadienne d’autant plus étonnant mais cela 
ne peut pas durer. 


De toute fagon, deux membres de la Commission sont 
membres d’office. Ainsi le président de la Commission est 
membre d’office, de méme que le président du Conseil 
national de recherche. Or, M. Larkin Kerwin, méme s'il y 
met la meilleure volonté du monde, ne peut pas tout faire 
en méme temps. Il ne reste donc plus que trois membres 
de la Commission qui puissent vraiment se pencher sur 
ces questions. 
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Moreover, it is quite clear to me that in making its 
decisions the board ought to take into account far more 
broadly than it can do at the present time socio-economic, 
radiological and environmental questions for which the 
board members themselves have very little skill. So in my 
report I recommend that the size of the board be 
increased so as to make such broader representation 
possible. 


I also say, Madam Chairman, that I think the board 
should remain a technical regulator. But what I am saying 
is that those technical regulations should have been made 
by a board that is competent around the table to consider 
more deeply the socio-economic, health and 
environmental questions which are the real stuff of this 
business. The technical questions are not usually in doubt; 
it is the non-technical matters that really have to be 
discussed in depth, and they have been inhibited from 
doing this. Moreover, it has been their policy to avoid 
this. There is a tendency for a natural scientist to say, we 
will not sully ourselves by touching these more difficult 
questions. That goes all the way back to C.J. MacKenzie, I 
may say, and [ cannot agree with that. 
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Mr. Gagnon: What sort of numbers for the board 
would you suggest? 


Dr. Hare: I suggested in one draft of the report, and I 
was persuaded to take it out by my review panel, which I 
may say is the toughest review panel anybody has ever 
had to get past—I said three more members. 


Mr. Gagnon: Three full-time or 


members? 


three part-time 


Dr. Hare: That is another point I must raise separately. 
Three more members on the present basis. But I also feel 
that the board needs full-time members. I think in that 
respect the Americans are right with the Nuclear 
Regulatory Commission. They recognize the full-time 
principle. 


What I am saying is to increase the board membership 
to eight from five. I do not say that in this report. That is 
what I would have said if I had not had any advisers. Then 
I would also say, at least four of those full time, with the 
obligation to take on one of the major sectors in support 
of the president’s work. At the moment he has to be 
everything, and he cannot be. 


For one thing, I think they should be very much more 
visible, Madam Chairman. Nobody knows the AECB 
exists. It is a very good regulator. This country’s record, 
there is no question about it, is one of the best in the 
world, and it has been achieved by these people. But 
absolutely nobody knows this. How the public can have 
confidence in a body that they do not know exists... 
Well, perhaps that is the way to have confidence in a 
body. 
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Avant de rendre ses décisions, la Commission devrait 
prendre en compte plus qu'elle ne le fait actuellement des 
facteurs socio-€conomiques ainsi que des facteurs de 
Vécologie et de la radiologie, questions qui ne sont 
justement pas de la compétence des membres de la 
Commission. Je recommande donc dans mon rapport 
d’augmenter le nombre de membres de la Commission 
afin d’avoir justement des experts dans tous ces domaines. 


J’estime par ailleurs que la Commission devrait 
continuer a s’occuper de la réglementation, mais a la 
condition que les membres de la Commission soient 
qualifiés pour se prononcer sur des questions 
socio-€conomiques, sur les questions de santé et de 
l'environnement qui sont au coeur méme du probléme. 
Ce ne sont pas les questions techniques qui font probleme 
mais plutdt les questions non techniques qui doivent étre 
examinées en detail et c’est ce qui a été difficile la plupart 
du temps. D/ailleurs les scientifiques ont tendance a 
prendre les questions non techniques de haut et a les 
laisser a d’autres. C’est une tradition qui remonte a C.J. 
MacKenzie, et que je n’approuve pas. 


M. Gagnon: Qui, a votre avis, devra faire partie de la 
Commission? 


M. Hare: Dans mon projet de rapport, je voulais 
proposer que trois autres personnes soient nommeées a la 
Commission, mais mon comité de révision, qui est, soit 
dit en passant, le plus sévére des organismes de ce genre, 
ma convaincu de retirer cette proposition. 


M. Gagnon: Trois personnes a plein temps ou a temps 
partiel? 


M. Hare: Trois nouveaux membres dans les conditions 
actuelles. Mais j’estime par ailleurs que les membres de la 
Commission devraient travailler a temps plein comme 
c’est le cas notamment pour la «Nuclear Regulatory 
Commission» des Etats-Unis. 


Le nombre de membres de la Commission devrait donc 
passer de cing a huit. Comme je le disais, vous ne 
trouverez pas cette recommendation dans le rapport; elle 
y serait n’eut été de mes conseillers. Et sur ces huit, donc, 
quatre au moins devraient travailler a temps plein et se 
charger d'un des principaux secteurs qui tous 
actuellement relévent du président, dont la charge est trop 
lourde. 


Jestime en outre que la Commission de contréle 
devrait €tre mieux connue et elle le mérite d’ailleurs vu 
que grace au bon travail de ses commissaires, le Canada a 
l'une des meilleures traditions de sécurité nucléaire au 
monde. Or _ pratiquement personne ne connait la 
Commission. Comment voulez-vous que les gens fassent 
confiance a une Commission dont ils ignorent jusqu’a 
l"existence? 
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Mr. Gagnon: On page 21 you say that the annual 
report of the AECB should receive more than nominal 
scrutiny by the appropriate parliamentary committee. 
What exactly did you have in mind here? 


Dr. Hare: When the annual report of the board is 
tabled, according to my reading of the committee 
documents which I was provided with, it gets an average 
of two hours’ inspection by a parliamentary committee. I 
think it requires two months of inspection. Is this the 
committee that does the inspection? Well, forgive me if I 
sound rude, Madam Chairman. 


The Chairman: Not at all. This is very interesting for us 
to hear. 


Dr. Hare: [ personally feel that the report of the board 
is a crucial document in the maintenance of public safety, 
that the board should have for the period of an inspection 
a professional consultant, in that area concerned, from 
outside the Atomic Energy Control Board, or indeed from 
outside the Canadian nuclear industry, and that AECB 
officials should be asked to justify what they have done. It 
would be an invaluable way of sharpening up the whole 
question of the role of Parliament in this. 


If I could go just a little further, I feel that Parliament 
not only has an absolute obligation to play this role of a 
much tougher inspector of its autonomous bodies, 
commissions, in the environmental area, but it also has 
some obligation to instruct those bodies far more than is 
done at the present time. 


If I may illustrate what I mean by that, the Atomic 
Energy Control Board, early in its days, came to the 
conclusion that a risk to the public of something of the 
order of between | in 100,000 or 1 in 10 million hazards 
was the appropriate level to aim at in designing the safety 
of the Canadian reactor systems. [ think that decisions of 
that kind belong in Parliament and not with the Atomic 
Energy Control Board. It seems to me that there ought to 
be a body of democratically determined law concerning 
exposure to risks and hazards. Here of course I am talking 
far outside the nuclear field; I am talking about the entire 
question of risk analysis and risk assessment. ‘ 
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The Atomic Energy Control Board finds itself in the 
position of making decisions in the public’s name. Now, I 
entirely respect what was in Parliament’s mind in giving 
them that authority. [ think another good thing about a 
democratic system is that you can indeed say to the people 
who run the hospitals, you are responsible for running 
the hospitals. But if and when a regulating body, such as 
AECB has to make up its mind in vacuum about 
something that is of extraordinarily high public value— 
what is an acceptable risk—I think they should present 
that to Parliament and get it endorsed by Parliament. I 
think the real responsibility lies with the legislators of the 
world and not with bodies such as AECB. 
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M. Gagnon: A la page 21 de votre exposé. vous dites 
que le rapport annuel de la Commission de contréle de 
énergie atomique devrait étre examiné attentivement par 
le comité parlementaire. Qu’entendez-vous au juste par 
la? 


M. Hare: D’aprés ce que j’ai pu constater, le comité 
parlementaire consacre environ deux heures a examiner 
le rapport de la Commission, alors que cela exigerait au 
moins deux mois. Votre comité est-il bien chargé de cette 
inspection? Vous m’excuserez si ce que je dis semble 
malpoli, madame la présidente. 


La présidente: Non, mais votre remarque n’en est pas 
moins intéressante. 


M. Hare: J’estime en effet que le rapport de la 
Commission est essentiel pour continuer a assurer la 
sécurité et que la Commission devrait donc avoir recours 
a un consultant venu de l’extérieur ne faisant pas partie 
de la Commission ni méme de l’énergie nucléaire 
canadienne en général. En outre les représentants de la 
Commission devraient justifier leurs décisions. Ainsi le 
role du Parlement serait renforcé. 


Je suis d’avis en outre que le Parlement doit 
absolument suivre de trés pres le fonctionnement de 
diverses commissions oeuvrant dans le domaine de 
environnement; en outre il appartient au Parlement de 
leur fixer les directives a suivre. 


Ainsi peu de temps apres sa_ constitution, la 
Commission de controle de l’énergie atomique a décidé 
que le réacteur nucléaire canadien ne devait pas présenter 
de risques supérieurs a 1 pour 100,000 ou 1 pour 10 
millions de cas. Or a mon avis, une décision de ce genre 
aurait di étre prise par le Parlement et non pas par la 
Commission de contrdle de énergie atomique. C’est en 
effet aux représentants du peuple de décider quels sont les 
dangers que nous devons accepter, et ces decisions 
devraient a4 mon avis étre consignées dans des lois. Ceci 
est vrai d’ailleurs non pas uniquement de l’énergie 
nucléaire mais de tout danger quel qu’il soit. 


La Commission de controle de l’énergie atomique a la 
responsabilité de prendre des décisions au nom de la 
population. Je tiens a dire que j'ai le plus grand respect 
pour l’intention du Parlement qui lui a donné ce pouvoir. 
Un des éléments positifs du régime démocratique est que 
Von peut dire aux autorités hospitaliéres qu’elles sont 
effectivement responsables de _ l’administration des 
hopitaux. Toutefois, quand il s’agit d’un organisme de 
réglementation comme la Commission de controle de 
Vénergie atomique, qui doit seule se prononcer sur une 
chose de la plus haute importance pour le _ public, 
c’est-a-dire déterminer ce qui constitue un_ risque 
acceptable, je pense qu‘il doit saisir le Parlement de la 
question, lequel doit se prononcer. La_ veritable 
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Mr. Gagnon: It is an interesting suggestion. Have the 
parliamentarians the capability to do that sort of thing? 
Knowing my colleagues and what is involved in risk 
analysis, | am not sure we have that sort of a talent. 


Dr. Hare: I do not think any group of men and women 
who are not exposed to the evidence have that talent, but 
I would say that this committee, for example, would be in 
an excellent position to quiz the AECB men and women 
on why they applied these particular standards. What was 
the sanction? What was the logical argument behind 
accepting risks on this scale as being of no consequence to 
the public? 


As it is, the board, if it decides to change these things, 
does so quietly. [| am not even sure they ever tell this 
committee or Parliament. It seems to me to be an 
anomaly that the level of risk in society should be 
determined by non-legislative bodies. 


The Chairman: To take that further, Dr. Hare, if 
AECB appeared before this committee and we did 
question them on why they applied certain standards, do 
we have the resources or the knowledge amongst us to say 
that is right, that is wrong? So we are back to your 
question: Is this the right place to make a judgment? 


Dr. Hare: Well, Madam Chairman, what you are on to 
here is an absolutely central question in the whole area of 
environment and public health because the same 
questions come up every time in relation to disease 
control, the protection of the public against epidemics— 
things of this sort. All [ am really saying is that I believe 
Parliament needs to be able to challenge the assumptions 
made by the people who run the hospitals and the people 
who run the nuclear industry. 


If the public thinks the board is taking the wrong 
standards, then the public spokesman, which is 
Parliament, should challenge the board about that. That is 
why I say, it is more like two months than two hours. I 
think this committee should go through the fine texture 
of that report and if it discovers assumptions about risk 
that strike you, as citizens, as being wrong, they should be 
challenged, and the board should be instructed to alter 
them and the board would welcome this. 


I have been involved in this for the last 40 years. I 
think at all times the people with whom I have worked in 
the technical community feel the vacuum in which they 
are called upon to make judgments concerned with public 
safety. They are technically competent to make these 
judgments, but the final question, whether or not the risk 
is acceptable, is not a scientific or technical question at 
all. It is a public judgment. 


The Chairman: In February, two years ago, under 
parliamentary reform, standing committees such as this 
certainly were enabled to hire consultants. We have Mr. 
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responsabilité incombe aux législateurs de ce monde et 
non a des organismes comme la CCEA. 


M. Gagnon: L’idée est intéressante. Les parlementaires 
ont-ils la compétence nécessaire pour se prononcer? Je 
connais mes collegues et je sais ce que signifie l’analyse 
des risques. Je ne suis pas sur que nous ayons ce qu'il faut 
pour nous prononcer. 


M* © Hare: Personne? ven absence” des preuves 
nécessaires, n’a cette compétence, mais le comité, par 
exemple, est dans une position avantageuse pour poser des 
questions a la CCEA sur les raisons qui la poussent a 
appliquer ces normes-la. Quelle était la sanction? Quel 
était l’'argument logique qui sous-tendait l’acceptation de 
risques de cet ordre et la conclusion qu ils ne tireraient 
pas a consequence pour le public? 


Pour linstant, la Commission, si elle décide de 
modifier quelque chose, le fait tout doucement. Je ne suis 
pas sur qu’elle le signale ni au comité ni au Parlement. Il 
me semble qu'il est singulier que le niveau de risque pour 
la société soit évalué par des organismes non législatifs. 


La présidente: Monsieur Hare, si les représentants de la 
CCEA comparaissaient devant le comité, et si on leur 
posait des questions concernant le pourquoi des normes 
appliquées, pensez-vous que nous aurions parmi nous les 
compétences nécessaires pour faire une évaluation 
valable? J’en reviens a votre question. Est-ce bien ici qu’il 
faut porter un jugement? 


M. Hare: Madame la présidente, vous venez d’aborder 
ict une question tout a fait capitale dans le domaine de 
l'environnement et de la santé publique car elle revient 
sans cesse pour tout ce qui touche la protection du public 
contre les maladies et les €pidémies, etc. Voici ou je veux 
en venir: le Parlement doit pouvoir contester les 
hypotheses €laborées par les administrateurs des hdpitaux 
comme par les responsables du secteur nucléaire. 


Si le public est d’avis que la commission a recours a 
des normes qui ne sont pas valables, le porte-parole du 
public, qui est le Parlement, devrait pouvoir contester 
cela. Voila pourquoi il faut deux mois plutot que deux 
heures. Le comité devrait passer ce rapport au peigne fin 
et s'il estimait que certaines hypotheses concernant les 
risques ne sont pas valables, il devrait pouvoir les 
contester et la commission devrait recevoir la consigne de 
les modifier, et je pense qu'elle accueillerait de bonne 
grace ces directives. 


Je m’occupe de ce domaine depuis 40 ans. De tout 
temps, les responsables techniques se sont plaints de 
Visolement dans lequel ils sont appelés a porter des 
jugements concernant la sécurité du public. Ils ont la 
compétence technique né€cessaire pour porter des 
jugements mais, en dernier ressort, la détermination d’un 
risque acceptable, n'est pas une question scientifique ou 
technique. Cest le public qui devrait en décider. 


La présidente: En février, il y a maintenant deux ans, la 
reforme parlementaire a commencé a permettre aux 
comités permanents comme le notre de faire appel a des 
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Clay and Mr. Harris with us today. You have obviously experts-conseils. MM. Clay et Harris sont avec nous 
thrown a challenge at us and perhaps one that we will aujourd’hui. Vous venez de nous lancer un défi 


take a long look at. 


Dr. Hare: You asked for comment, Madam. I did not 
throw a challenge. I will never challenge anybody. 


The Chairman: We had AECB before us and Dr. 
Lévesque in his statement or during questioning, stated 
that he needed 50% more revenues or that his budget 
should be increased by 50%. Does that sound fair to you? 
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Dr. Hare: It is obviously in the right ballpark, and let 
me say why. I have so far only mentioned the size of the 
board. I want the board enlarged because I think it needs 
to take in the skills that are not there at the present time. 
But in addition, [ think the staff needs to be enlarged in 
these same areas. They need to have better professional 
Support in the environmental, radiological and socio- 
economic areas for two main reasons. 


One is that I believe the audit of the utilities should be 
more tightly conducted. Their audit function does not 
exactly go by the board, but it is not as tight as it would be 
in other countries because of manpower shortages. That is 
one point. 


Second, I believe the public is unaware—I hope this 
committee is aware—of the fact that the board has expert 
committees: an advisory committee on nuclear safety, an 
advisory committee on radiological hazard. These two 
advisory committees are first-rate bodies, independent, 
very well chaired, and have done some good work. They 
are even less well known than their parent. Nobody has 
ever heard of them. 


If this were the United States, each of those committees 
would stand almost as independent commissions. Each 
would have a professional staff. In France they would 
have a chateau in which they could do their work. In 
Britain they would be allowed chocolate biscuits rather 
than plain cookies. Distinctions would be made. But the 
important thing is that they would have resources. Even 
though neither of these committees has complained about 
this, I think it is absurd that they are not properly staffed. 
One part-time member of the board staff is at their 
disposal, and that is it. That is the back-up. 


The absolutely crucial role in maintaining public safety 
is the scrutinizing work of these two committees of the 
board; yet essentially they are people who can afford to 
meet twice a year or three times a year with one staff 
person present, a secretary. Madam, that is just absurd as a 
device aiming at public review. 


manifestement et nous allons certainement y refléchir 
sérieusement. 


M. Hare: Madame, vous m’avez demandé mon avis. Je 
ne vous al pas lancé de défi. Je ne lancerais jamais de défi 
a qui que ce soit. 

La présidente: Les représentants de la CCEA ont 
comparu et M. Levesque a dit dans son exposé et en 
réponse a des questions qu’il fallait que ses recettes soient 
superieures de SO p. 100, c’est-a-dire que son budget soit 
augmenté de 50 p. 100. Cela vous semble-t-il justifié? 


M. Hare: Manifestement, l’ordre de grandeur est juste 
et je vais vous expliquer pourquoi. Jusqu’a présent, je n’ai 
parle que du nombre des commissaires. [| faudrait 
davantage de commissaires car la commission devrait 
s’adjoindre des compétences qu'elle n’a pas pour l’instant. 
En outre, il faudrait que les effectifs soient grossis dans ces 
domaines-la aussi. Il faut un soutien professionnel accru 
dans le domaine de l'environnement, de la radiologie, et 
dans le domaine socioéconomique et ce, pour deux 
raisons essentiellement. 


Tout d’abord, les compagnies de services devraient 
subir des verifications beaucoup plus poussées. Les 
verifications ne sont pas tout a fait escamotées mais elles 
ne sont pas aussi serrées que dans d’autres pays étant 
donné que nous manquons de personnel. C’est une chose. 


Deuxiémement—meéme si le public n’est pas au 
courant, j’espére que le comité l’est—la commission 
comporte des comités d’experts: un comité consultatif sur 
la sécurité nucléaire, un comité consultatif sur les dangers 
des radiations. Ces deux comités consultatifs sont de 
premier ordre, indépendants, tres bien présidés, et on fait 
du tres bon travail dans certains cas. Ils sont encore moins 
connus que l’organisme dont ils dépendent. Personne n’a 
entendu parler d’eux. 


Si nous étions aux Etats-Unis, chacun de ces comités 
constituerait a lui seul une commission indépendante. 
Chacun pourrait disposer d’un_ effectif formé de 
professionnels. En France, ils disposeraient d’un chateau 
pour faire leur travail. En Grande-Bretagne, ils auraient 
droit a des biscuits au chocolat plutot que des biscuits 
secs. On accorderait des distinctions. L’important, c’est 
qu’ils pourraient compter sur des ressources. Méme si ces 
deux comités ne se sont pas plaints de cette situation, il est 
absurde de ne pas leur donner leffectif nécessaire. Un 
membre a temps partiel du personnel de la commission 
est a leur disposition, rien de plus. Voila sur quoi ils 
peuvent compter. 


Le role qui est absolument crucial, celui du maintien 
de la sécurité du public comporte un travail d’analyse que 
doivent faire ces deux comités de la commission. 
Pourtant, il s ‘agit de gens qui ne peuvent se permettre que 
des rencontres deux fois ou trois fois par année, avec la 
présence d'un seul représentant du personnel de la 
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The Chairman: [ think we totally agree upon that. 


Mr. MacLellan: I wonder, Dr. Hare, if you would 
address the question of the public liability and the 
sufficiency of $75 million for reactors, actually, in the 
case of Canada. Compared with other countries that 
Operate nuclear Operations, it would be just tokenism as 
far as public liability is concerned. 


Dr. Hare: I think the public liability is effectively 
unlimited in this area, and no government could afford 
any other situation. The point is that it is the suppliers of 
Ontario Hydro and AECL who are effectively covered, I 
suspect, by the Nuclear Liability Act. Nobody pretends 
that if Hydro were to do a great deal of damage in the 
Toronto district the Province of Ontario and_ the 
Government of Canada would not have to pay for most of 
it. They obviously would. 


But I think the Nuclear Liability Act was enacted in 
the first place to provide quick access to compensation for 
anyone who might suffer. It has been widely interpreted 
by the critics of the industry in the reverse, that it is a 
protection for the suppliers. If they do not have to worry 
about anything beyond $75 million worth of insurance, 
they are home and dry. 


I think the figure of $75 million certainly does require 
re-examination. However, I am cautious about saying the 
act ought to be repealed or set on one side. I think there 
are good arguments behind this and I am not enough of 
an insurance specialist or lawyer to be wise about it. We 
got an awful lot of conflicting evidence about this. 
madam, from the lawyers on the one hand and from 
activist groups such as Energy Probe on the other. I did 
not really completely believe anything I heard about it. I 
think it is something that needs re-examination, and by 
somebody much more skillful than I am. 
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Mr. MacLellan: Thank you. 
The Chairman: That is interesting. 


Mr. Gagnon: | wonder if we could just follow through 
your report. I have some questions in different spots, and 
we could take them as they come along. 


One of your first major recommendations was the 
human element, and I guess we have already discussed 
that and how to update it. But you also say “A program is 
needed from initiation to decommissioning.” This is from 
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commission, un secrétaire. Madame, c’est tout 
simplement absurde pour un mécanisme qui a soi-disant 
la responsabilité d’une révision publique. 


La presidente: Je pense que nous sommes tout a fait 
d’accord la-dessus. 


M. MacLellan: Monsieur Hare, pourriez-vous me dire 
ce que vous pensez de la responsabilité publique et si vous 
estimez que 75 millions de dollars pour les réacteurs 
suffisent, au Canada actuellement. Si l’on compare cela a 
ce qui se fait dans d’autres pays ou il y a un secteur 
nucléaire, c’est une somme purement symbolique qui est 
consacrée ici a la responsabilité publique. 


M. Hare: Je pense effectivement que la responsabilité 
publique dans ce domaine est illimitée et qu’aucun 
gouvernement ne peut léviter. Toutefois, je pense que ce 
sont ceux qui approvisionnent l’Hydro-Ontario et 
l’Energie atomique du Canada Ltée qui sont visés, de fait, 
par les dispositions de la Loi sur la_ responsabilité 
nucleaire. Personne ne prétend que si l’Hydro causait de 
gros dommages dans la région de Toronto, la province de 
l'Ontario et le gouvernement du Canada pourraient éviter 
d’en faire les frais. Manifestement, la responsabilité leur 
incomberait. 


Je pense toutefois que la Loi sur la responsabilité 
nucléaire a été adoptée avant tout pour  permettre 
d’accorder un dédommagement rapidement a quiconque 
serait lésé. Les critiques de l’industrie ont généralement 
adopté une interprétation contraire, c’est-a-dire qu/ils 
prétendent que les dispositions de la loi protégent les 
fournisseurs. Si la responsabilité de ces derniers ne 
dépasse pas 75 millions de dollars d’assurance, ils s’en 
tirent indemmes. 


Je pense qu'il faudrait revoir ce chiffre de 75 millions 
de dollars. Toutefois, je n’irais pas jusqu’a dire qu’il faille 
abroger la loi ou cesser de l’appliquer. Je pense quil y a 
de bons arguments qui militent en faveur de la loi mais je 
nai pas assez de connaissances en matiére d’assurance et 
je ne suis pas avocat, si bien que je ne peux pas me 
prononcer fermement. Nous avons regu des témoignages 
contradictoires de la part d’avocats d’une part et de 
groupes d’activistes comme les représentants de l’Enquéte 
Energie, d’autre part. Je n’ai jamais vraiment cru sur 
parole tout ce que j’ai entendu. Je pense que toute la 
question meérite d’étre revue et qu'il faut laisser cela a des 
gens beaucoup plus compétents que moi. 


M. MacLellan: Merci. 
La présidente: C’est intéressant. 


M. Gagnon: Je vais me reporter a votre document. J’ai 
diverses questions a vous poser si bien que je vais le 
parcourir. 


Une de vos. principales recommandations _ vise 
élément humain, et nous avons déja parlé de cet aspect- 
la et du moyen d’améliorer les choses. Vous dites 
également «il faut un programme a partir du lancement 
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page 5, C.R.2.4. Do you feel we do not have a program in 
place for decommissioning? 


Dr. Hare: We do have decommissioning in progress. 
Ontario Hydro is decommissioning NPD, and AECL is 
decommissioning Douglas Point at the present time. I did 
not intend the stress to be on the decommissioning thing. 
There is no question about it; we have to have a 
recognized procedure for decommissioning. We have to 
have it costed and the costs built into the original capital 
logic of the project, and so on. 


What I was really getting at in here is that the very 
centre of the whole system of industrial control in this 
business is quality assurance and quality control, as the 
engineer uses those terms technically. That is just as 
important at the decommissioning end as it is as you 
initiate it, and it is also necessary—although it sounds a 
bit like George Orwell to say this—that the words be 
taken to apply to human effort as well as materials. In 
other words, when you talk about quality assurance, you 
have to make sure the quality of the work done and the 
way in which the work is done by people is covered, as 
well as the materials with which they are working. 


[ should perhaps remind you who my industrial 
consultants were. The leader of the team was Bill Kehoe, 
who comes from the oil industry. He ran the Esso 
resources refineries throughout the country. He was 
Director of Supply for the Exxon Corporation in all of 
North America, so he knows a lot about refining. I picked 
him because refining is an industry which has many of 
the same characteristics as reactor operation. What struck 
Bill and his large team of consultants was that although 
Hydro was fully aware of the importance of quality 
assurance, they did not see it as a unified system extending 
right through. They thought of it as a series of detached 
bodies of method. I was very surprised by this. 


They have a great big volume called The Quality 
Engineeering Volume, which is a manual bigger than any 
of these. This specifies precisely which ASNE standard 
will apply to which material, and when that shall be 
checked and by what means it shall be checked. 
Everything in the engineering side of the operation is 
absolutely spelled out. But when it came to human 
performance, although some parts of the quality assurance 
program do have to do with human_ performance, 
nowhere was it spelled out as a consecutive system, largely 
I suspect because of difficulties between the company and 
the union. 


My consultants felt—and I had to agree with them— 
that it would pay Hydro to standardize this to make it 
clear that there was a unified philosophy behind the 
QAOQC process throughout the operation, in human 
resoures as well as in materials. 
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jusqu’a la mise hors service». Je tire cela de la page 5. 
paragraphe C.R.2.4. Avez-vous impression qu ‘il n’existe 
pas de programme pour la mise hors service? 


M. Hare: On procéde actuellement a des mises hors 
service. L’'Hydro-Ontario est en train de démanteler la 
centrale expérimentale d’énergie atomique et l’Energie 
atomique du Canada Limitée est en train de démanteler 
Douglas Point. Je ne voulais pas mettre l’accent sur le 
démantélement. Il est indéniable toutefois qu'il faut 
reconnaitre le besoin d’une procédure de mise hors 
service. Il faut en évaluer le codt et Wintégrer a 
immobilisation de départ de chaque projet. 


Ce qui m’intéresse avant tout ici, ce qui est au coeur de 
tout régime de controle industriel dans ce secteur, c’est 
Vassurance et le controle de la qualité, au sens ou les 
ingénieurs utilisent ce terme tehniquement. Ces aspects 
sont tout aussi importants au moment de la mise hors 
service qu’au point de départ, et bien qu’on risque de 
ressembler a George Orwell en disant cela, il est aussi 
essentiel que ces termes s’appliquent a leffort humain 
qu’aux installations. En d’autres termes, quand on parle 
d’assurance de la qualité, on doit s’assurer que la qualité 
du travail réalisé et la maniére dont ce travail est fait, sont 
controlées, comme les matériaux dont ils se servent. 


Il me faudrait peut-étre vous rappeler qui étaient mes 
experts-conseils industriels. Le chef de l’€quipe était Bill 
Kehoe, qui vient du secteur pétrolier. Il a dirigé les 
raffineries d’Esso un peu partout au Canada. Il a été 
directeur de l’'approvisionnement a la Société Exxon pour 
toute l’Amérique du Nord, et il connait trés bien le 
raffinage. Je lai choisi parce que le secteur du raffinage 
présente beaucoup des mé€mes caractéristiques que 
Vexploitation d’un réacteur. Ce qui l’a frappé, lui et sa 
nombreuse €quipe d’experts-conseils, c’est que méme si 
V’'Hydro-Ontario était tout a fait consciente de 
Vimportance de l’assurance de la qualité, elle ne voyait 
toutefois pas l’uniformité de cet aspect-la dans tout le 
processus. On semblait croire qu’il s’agissait d’une série 
de méthodologies distinctes. J’ai été trés étonné. 


L’Hydro-Ontario a un manuel énorme intitulé Le 
manuel de l’ingénierie de qualité, qui est plus gros que 
tous ceux-ci. Dans ce manuel figure quelle norme 
américaine s’appliquera a chaque matériau et quand et 
comment cela doit étre vérifié. Tout ce qui concerne 
Vingénierie est précisé dans le moindre détail. Méme si 
certains aspects du programme d’assurance de la qualité 
visent le cote humain, on ne trouve rien dans ce manuel 
qui donne les détails d’un régime cohérent, et je suppose 
que c’est essentiellement a cause de différends entre la 
société et le syndicat. 


Mes experts-conseils, avec lesquels je suis d’accord, 
estiment que l’Hydro trouverait rentable de normaliser cet 
aspect-la pour qu’il soit bien clair qu’il y a un régime 
unique qui sous-tend la procédure de controle de la 
qualité et d’assurance de la qualité, pendant toute 
Vexploitation, pour l’aspect humain tout autant que le 
matériel. 
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Mr. Gagnon: The next major recommendation was the M. Gagnon: L’autre recommandation importante 


pressure tube situation, and you talk about the $42 
million for R and D. Do you feel this should be done by 
Ontario Hydro or by AECL? 


Dr. Hare: I think it has to be done where the material 
resources are. It has to be done mainly by AECL, but not 
necessarily paid for by AECL because it has to be done at 
Chalk River, which they control, and secondarily at 
Whiteshell. Only to a minor extent is the work done in 
Hydro labs or in Westinghouse, which are the only places 
in this country where it can be done. 


ae WS) 


What I feel is that the $19 million committed from 
Ontario Hydro’s budget is very small in relation to the 
scale of the problem. I expected them to pay virtually the 
whole of that $42 million, which in any case is small in 
relation to the size of the problem. 


So that is the reason behind those paragraphs: surprise 
that Hydro was apparently getting away with paying so 
small a part of what is already an inadequate provision. 


Mr. Gagnon: [ take it you feel the final solution for the 
pressure tubes is somewhere off in the future. 


Dr. Hare: [ think, like every other real-world problem, 
this is far too complicated for me to answer you in two or 
three sentences. But since you raise the matter, I will try. 


First of all, I would put very high on my list of 
necessities a better system of in-reactor testing, so at all 
times you can tell what the condition of each of these 
tubes is. The development of apparatus to do this is 
largely done by AECL. 


Mr. Gagnon: Are you talking about measuring devices 
on an Operating reactor, on each of the pressure tubes? 


Dr. Hare: Yes; that plus remote probes that can be used 
more efficiently when the reactor is shut down. 
Remember when you shut a reactor down there is still 
such a strong gamma-radiation field you cannot go 
anywhere near it. So you have to have remote-control 
probing. The development of instruments tough enough 
to do this and to answer the right questions has largely 
been undertaken by AECL, but with, obviously, a lot of 
help from Hydro. I think that has to continue. 


The second aspect of this work is the solution of 
fundamental metallurgical questions: why do hydrides 
form in these metals? Why do they migrate to certain 
weakness points? Is a better alloy possible? Can we find a 


concerne les tubes de force, et vous parlez de 42 millions 
de dollars qu’on investirait dans la recherche et le 
développement. Est-ce que vous pensez que ce devrait étre 
fait par VHydro-Ontario ou par lEnergie atomique du 
Canada Limitée? 


M. Hare: Je pense que cela devrait étre fait la ou se 
trouve la ressource. Essentiellement, ce devrait étre 
l'EACL, qui n’en paierait pas nécessairement la facture, 
mais ce devrait étre fait a Chalk River, que l’EACL 
controle, et ensuite a Whiteshell. Un travail mineur 
devrai étre fait dans les laboratoires de l’Hydro ou a 
Westinghouse, qui sont les seuls endroits au Canada ou 
cela peut étre fait. 


J’estime que les 19 millions de dollars prévus dans le 
budget d’Hydro-Ontario sont tres légers compte tenu de 
importance du probleme. Je m/attendais a ce qu’ils 
assument pratiquement la totalite de ces 42 millions de 
dollars qui de toute fagon ne représentent pas grand-chose 
compte tenu de l’ampleur du probleme. 


C’est ce qui explique ces paragraphes: notre surprise 
qu’Hydro s’en tire apparemment en ne versant qu’une si 
petite partie de ce qui au départ était déja insuffisant. 


M. Gagnon: J’en conclus que pour vous la solution 
définitive au probleme de ces tubes de force n’est pas 
pour demain. 


M. Hare: Comme pour tous les autres problémes 
d’ordre pratique, celui-ci est beaucoup trop compliqué 
pour que je puisse vous répondre en deux ou trois 
phrases. Mais puisque vous m’avez posé la question, je 
vais essayer. 


Pour commencer, tout en haut de ma liste des 
nécessités je mettrais un meilleur systeme de contrdle a 
Vintérieur du réacteur afin qu’a tout moment on puisse 
constater |’état de chacun de ces tubes. L-EACL est un des 
pionniers dans la conception de ces appareils. 


M. Gagnon: Est-ce que vous voulez parler d’appareils 
de mesure fixés sur chacun des tubes de force d’un 
réacteur en service? 


M. Hare: Oui; plus des sondes télecommandées qui 
peuvent étre utilisées de maniére plus efficace quand le 
réacteur est hors service. N’oubliez pas que lorsqu’on 
arréte un réacteur le champ de rayons gamma qu’il émet 
reste si fort qu’il est impossible d’en approcher. Ces 
mesures de controle ne peuvent étre faites qu’a distance, 
par télécommande. La mise au _ point d’appareils 
suffisamment résistants pour faire ce travail et répondre 
aux bonnes questions est effectuée en grande partie par 
’'EACL mais, avec, de toute évidence, une aide 
importante d’Hydro. Il faut que cela continue. 


Le second aspect de ce travail est la résolution de 
questions métallurgiques fondamentales: pourquoi des 
hydrures se forment-ils dans ces métaux? Pourquoi se 
fixent-ils sur certains points de faiblesse? Un meilleur 
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better alloy? What system of testing before you put it into 
the reactor and after it is in the reactor will give you the 
fastest answer to whether you are on the right track or 
not? Really, there is no proof of this pudding other than 
actually eating it. In other words, you have to put them 
into the reactor and see how they work. 


Mr. Gagnon: For years. 


Dr. Hare: Yes, for years. That is why I say there is no 
short-term solution to this question. 


What I felt was that the scale of work undertaken 
seemed very small. When I asked a whole group of 
people, friends in other industries, off the tops of their 
heads, if they had revenues of $2.5 billion per year that 
were crucially dependent on the integrity of the 
technology. what would they spend on any defect that 
developed in that technology, nobody thought 2% was a 
high enough figure. Absolutely nobody. And that is what 
this is. 


Mr. MacLellan: Do we really know how much it is 
going to cost to correct the pressure tube problem? 


Dr. Hare: The costs are primarily the fact that you have 
to take the reactor out of production. You therefore lose 
the revenues from the electric production. It cost about 
$425 million in two years to take Pickering “Al” and 
“A2” out of production and replace the pressure tubes. It 
is of that order of magnitude. When you shut a reactor 
down, it will be out of service for a couple of years for 
this purpose. You will lose some hundreds of millions of 
dollars worth of production. The rest of the cost, though 
not negligible, is still manageable. The real cost is that you 
have to shut the damn things down. 


Of course, they assumed when they built them that 
would have to be done every 25 or 30 years. Indeed, they 
did more than that. In estimating the capital cost of these 
things I think they assumed only a 15-year life. But it is 
now beginning to look, or it has looked for some time, as 
if a much shorter turn-around time will become standard. 
That, of course, adds to the capital cost of the project; and 
it is a very large capital cost. 


However, I have just come from a meeting of the 
Canadian Nuclear Association, where I was defending 
myself before them. I did hear it said there that with the 
experience they have had at Pickering it does now look as 
if they can pretty much rely on 10 to 15 years at least of 
Operation from their improved tubes, especially with the 
sensors that I talk about. 


aes Al) 


A last point. You will notice the word “metallurgical” 
here. The story of these alloys and of our capacity to 
produce these alloys is itself a fascinating story. The 
zirconium alloys that we use, which are the only ones we 
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alliage est-il possible? Peut-on trouver un meilleur 
alliage? Quel systeme de controle une fois installé dans le 
réacteur vous permettra de déterminer le plus vite si vous 
vous etes trompés ou non? A vrai dire, le seul moyen c’est 
dessayer. Autrement dit, il faut installer ces systemes dans 
le reacteur et mesurer leur comportement. 


M. Gagnon: Pendant des années. 


M. Hare: Oui, pendant des années. C’est la raison pour 
laquelle je dis qu'il n’y a pas de solution a court terme a 
cette question. 


Cest pourquoi j’ai pensé que ces travaux me 
semblaient €tre menés sur une bien trop petite échelle. 
Quand j’ai demande a brtle-pourpoint a tout un groupe 
de personnes, a des amis dans d’autres industries: si vous 
aviez des recettes de 2,5 milliards de dollars par an 
dépendant d’une maniére cruciale de l’intégrité de la 
technologie, quelle portion en consacreriez-vous a tout 
défaut détecteé dans la cuirasse de cette technologie? 
Personne ne m’a répondu penser que 2 p. 100 était 
suffisant. Absolument personne. Et pourtant c’est ce qui 
se passe ICl. 

M. MacLellan: Savons-nous vraiment combien coutera 
la résolution des problemes des tubes de force? 


M. Hare: Le cout avant tout est causé par le fait que le 
reacteur doit €tre mis hors service. La conséquence est 
une perte de recettes de production électrique. Il a fallu 
mettre hors de service pendant deux ans les réacteurs 
«Al» et «A2» de Pickering pour remplacer les tubes de 
force et la note a été d’environ 425 millions de dollars. 
C’est de cet ordre. Quand on arréte un réacteur, pour 
cette opération, il faut compter sur une mise hors service 
pendant deux ans. La perte de production représente 
plusieurs centaines de millions de dollars. Le reste du 
cout, sans étre négligeable, est abordable. Ce qui cotte le 
plus cher c’est qu'il faut mettre hors service ces satanés 
trucs. 


Bien entendu, ils ont supposé quand ils les ont 
construits qu’il faudrait le faire tous les 25 ou 30 ans. En 
fait, ils ont fait plus que cela. Dans le calcul des cotts ils 
ont fixé le cycle de vie a 15 ans. I] semblerait maintenant, 
ou plutdt il semble déja depuis un certain temps, qu’un 
cycle beaucoup plus court deviendra la norme. Bien 
entendu, cela augmente d’autant le cout qui est déja tres 
important. 


Cependant, je reviens d’une réunion de 1|’Association 
nucléaire canadienne ou j’ai du défendre mes arguments. 
Je les ai entendus dire que forts de leur expérience de 
Pickering ils estiment désormais pouvoir compter sur un 
minimum de 10 ou 15 ans de fonctionnement de leurs 
tubes améliorés surtout avec les détecteurs dont j’ai parlé. 


Un dernier point. Vous aurez remarqué la présence de 
Vadjectif «metallurgique». L’histoire de ces alliages et de 
notre capacité a les produire est en elle-méme une 
histoire fascinante. Les alliages au zirconium que nous 


47 : 26 


| Text| 


know about at the moment that are suitable for use to 
emit the required neutron flux, were actually put onto the 
market by Chinese entrepreneurs operating in Oregon, a 
company called Wah Chang. They are now Teledyne- 
owned, but there is only one producer and this is at 
Waterville, Oregon. 


By absolute chance—I was the president of Sigma Xi, 
the American scientific research society—I went to a 
chapter meeting because my daughter teaches at Oregon 
State and they invited me to go there. I wanted to see my 
daughter, instead of which I found myself sitting next to 
the president of Wah Chang. He said, “Do you realize that 
we produce these alloys for you?” I said, “I am afraid I 
did not”. 


We do not have the capacity in this country really to 
produce such alloys, nor do we have the capacity to 
experiment, to look for better alloys. Much of the 
initiative is being done by the Soviet Union. This is a real 
hole, a real vacuum. Bill Morrison is very fond of saying 
it is all very well for you to say we do not spend enough 
on research but we cannot find the people to spend the 
research on, nor can we find the labs in which to do the 
research. There is a vacuum here, in other words, in 
which the Canadian industry and the Canadian 
universities fall a long way short in what really is needed 
to give us full, sort of technical autonomy. 


Mr. Gagnon: If I could follow up on that. The 
supplement to The Financial Post dated June 13 shows 
the front sort of face of the tubes, 480 of them. There is 
no doubt that the plumbing is awfully, awfully 
complicated compared with anybody else. And then you 
look at what the rest of the world has. We have 60% 
pressurized water systems that we are currently operating 
and of what is being built, three-quarters are pressurized 
water. Everybody else has gone down the road of heavy 
water—Sweden, for instance—and they have all backed 
off. Have we made a mistake, historically holding onto 
heavy water? Or do we have something unique that the 
rest of the world does not have that is beneficial to 
Canada? How do you assess that aspect? 


Dr. Hare: At the moment the CANDU looks 
remarkably good. It is true it is expensive and the expense 
arises quite largely from two things: first of all, the 
complexity of the plumbing that you have already 
mentioned, and second, it arises from the fact that our 
reactors require a higher degree of precise monitoring. 
We have to have fast shutdown systems in our reactors 
because they have a positive void reactivity coefficient, 
and that means our reactors are a mass of control systems. 
It is not only that they are complex from a plumbing 
standpoint; they are also complex from an electrical 
control point of view. That alone makes them very 
expensive. 
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utilisons, alliages qui sont les seuls pour le moment. a 
notre connaissance, capables d’émettre le flux de neutrons 
nécessaires. ont été mis sur le marché par des 
entrepreneurs chinois de Oregon, la compagnie Wah 
Chang. Ils ont été rachetés par Teledyne, mais il n’y a 
qu'un seul producteur et c'est a Waterville en Oregon. 


Par le plus grand des hazards—j’étais président de 
Sigma Xi, la société ameéricaine de _ recherche 
scientifique—je m’étais rendu a une réunion de chapitre 
parce que ma fille enseigne a l’université de l’Oregon et 
ils m’avaient invité a venir. Je voulais voir ma fille mais a 
la place je me suis retrouvé assis a coté du président de 
Wah Chang. Il m’a dit: «Savez-vous que nous fabriquons 
ces alliages pour vous?» Je lui ai répondu: «Je regrette, 
non». 


Nous n’avons pas vraiment tout ce qu’il faut chez nous 
pour fabriquer de tels alliages pas plus que nous n’avons 
ce qu’il faut pour faire des expériences, trouver de 
meilleurs alliages. Les Soviétiques sont a l’avant-garde 
dans ce domaine. Chez nous, c’est le vide sidéral. Bill 
Morrisson aime beaucoup répéter qu’il est tres facile de 
dire que nous ne consacrons pas suffisamment d’argent a 
la recherche mais il est impossible de trouver les 
spécialistes a qui confier ces recherches et tout aussi 
impossible de trouver les laboratoires ou les mener. Il y a 
donc un vide, en d’autres termes, qui tant qu’il ne sera 
pas comblé par l’industrie canadienne et les universités 


canadiennes nous empéchera d’étre techniquement 
autonomes. 
M. Gagnon: Permettez-moi de  continuer. Le 


supplément du Financial Post daté du 13 juin montre une 
vue de face de ces tubes, 480 en tout. Il est incontestable 
que comparer a ce qu‘utilisent les autres cette plomberie 
est horriblement compliquée. Il suffit de regarder ce qui 
se fait dans le reste du monde. Soixante p. 100 de nos 
centrales en service sont a eau pressurisée et les trois 
quarts de celles qui sont en construction sont a eau 
pressurisée. Tous ceux qui avaient opté pour la filiere de 
Veau lourde—la Suéde, par exemple—y ont depuis 
renoncé. Avons-nous fait une erreur historique en nous 
cramponnant a la filiére de l'eau lourde? Ou avons-nous 
quelque chose d’unique que le reste du monde n’a pas et 
qui est bénéfique pour le Canada? Quelle est votre 
position? 


M. Hare: Pour le moment le CANDU se comporte 
remarquablement bien. II est vrai qu’il est cher et que 
deux choses en_ particulier en sont  responsables: 
premiérement, la complexité de la plomberie que vous 
avez déja mentionnée, et deuxieémement, le fait que nos 
réacteurs ont besoin d’étre surveillés de beaucoup plus 
prés. Il faut que nos réacteurs soient équipés de circuits 
d’extinction rapide car leur coefficient de vide est positif 
et cela signifie que nos réacteurs sont une masse de 
circuits de controle. Non seulement ils sont complexes du 
point de vue de la plomberie mais aussi du point de vue 
du controle électrique. Rien que cela les rend trés chers. 
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On the other hand, look at that table which you have 
in front of you. It is consistently true. The Canadian 
reactors go On Operating. Even allowing for the shutdowns 
at Pickering and Bruce, pressure tube failures, they 
outperform their neighbours. And they have a very good 
neutron economy. So as long they can operate for a 
couple of decades, three decades, without major defect, 
and as long as the public is protected, then it may well be 
that in the beginning of the next century this country will 
appear to have been the people who made the right bet 
and everybody else made the wrong bet. 


I have put this very question, Madam Chairman, to 
Walter Marshall. the chairman of the Central Electricity 
Generating Board. Have you ever had him as a witness? 


The Chairman: We did not have Mr. Marshall, no. 


e325 


Dr. Hare: He would be worth bringing in; he is 
dynamite. 


He said: look, you have a good going in Canada; do not 
louse it up. That was his first advice to me. I said: well, if 
we have a good thing going in Canada, then why are you 
not using CANDU reactors, because I know you consider 
them. His response was quite surprising to me. He said: 
fundamentally, it is a matter of regulation; we do not 
dispute the technical competence of the CANDU reactor, 
but it is very complex and to get it past our nuclear 
installations inspector would take 10 years of wrangling 
with our regulating body, and you would not have 
anybody who could offer us package deals on this. 


This is what he is doing of course. If he goes to 
Westinghouse and says that he wants to put in a PWR 
reactor, One of theirs, then Westinghouse will provide 
him not only with the reactor but also with a complete 
package of the material that NII, their regulating body, 
need from him to grant a licence. 


He says he can get a Seiswel “B” licensed in a third of 
the time it would take him to get a CANDU licence. 


The complexity turns out to be a problem in two ways: 
(1) the higher capital costs and (2) the regulating 
problems in dealing with the world’s regulators. 


I do not think we will ever succeed in getting this kind 
of reactor past the big countries that have made the step 
of going the pressurized water route, as the French and 
the Japanese have. 


Mr. Gagnon: To follow up on the uniqueness of the 
CANDU, on page 9 you talk about the separation of the 
coolant and the moderator. Is that an advantageous 
situation? 


Dr. Hare: Very much so. 
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En revanche, si vous consultez le tableau que vous avez 
devant vous, vous verrez que la supeériorité du produit 
canadien est constante: les réacteurs canadiens, méme si 
on compte les arrets de Pickering et de Bruce, et les 
problemes de tubes de force, sont supérieurs a leurs 
concurrents. Ils ont aussi une bonne économie de 
neutrons. Donc, tant que leur cycle de vie est de deux 
décennies, trois décennies sans probleme majeur. et tant 
que le public est protégé, il se peut fort bien qu’au début 
du prochain siécle notre pays soit considéré comme celui 
ou le bon choix a été fait alors que tous les autres se sont 
trompés. 


J'ai posé cette méme question, madame la présidente, a 
Walter Marshall, le président de la Central Electricity 
Generating Board. L’avez-vous jamais eu comme témoin? 


La présidente: Non. 


M. Hare: Cela vaudrait la peine, c’est de la dynamite. 


Il m’a dit: €coutez, vous avez un bon truc qui marche 
au Canada, ne le sabotez pas. C'est le premier conseil qu'il 
m’a donné. Je lui ai dit: si nous avons un bon truc au 
Canada, pourquoi dans ce cas n/utilisez-vous pas de 
réacteur CANDU—yje sais que vous y avez pensé. Sa 
réponse a été assez surprenante. Il m’a_ dit: 
fondamentalement, c’est une question de reglements, nous 
ne contestons pas la compétence technique du réacteur 
CANDU, mais il est tres complexe et pour le faire 
accepter par notre inspecteur d’installations nucleéaires, il 
faudrait nous battre pendant dix ans avec notre organisme 
de réglementation et en plus vous n’aviez personne qui 
puisse nous offrir un forfait. 


Bien entendu, c’est ce qu’il fait. S’il dit a Westinghouse 
qu’il veut un réacteur a eau pressurisée, un de ses 
réacteurs, Westinghouse lui livre non seulement le 
réacteur mais tout ce que la NII, leur organisme de 
réglementation, réclame pour délivrer un permis. 


Selon lui, il lui faut trois fois moins de temps pour 
obtenir un permis pour un Seiswel «B» que pour un 
CANDU. 


Cette complexité se transforme en probleme de toute 
maniére: premiérement le cout plus élevé et 
deuxiémement les problemes de réglementation avec les 
organismes des autres pays. 


Je ne crois pas que nous arriverons jamais avec ce 
réacteur a battre sur leur propre terrain les grands pays 
qui ont opté pour la filiére de l’eau pressurisée, comme la 
France et le Japon. 


M. Gagnon: Toujours au sujet du caractere unique du 
CANDU, a la page 9 vous parlez de séparation du 
réfrigérant et du modérateur. Est-ce un avantage? 


M. Hare: Trés certainement. 
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Mr. Gagnon: Why is that? 
Dr. Hare: On several grounds. 


This. incidentally, was part of the reason why 
Chernobyl caused as much trouble as it did; they do not 
have that separation. 


First of all, you can keep the moderator cool, at 70° 
Celsius, whereas the coolant is hot, 320°—that sort of 
thing. If there is a break in the primary heat transport 
system, a LOCA, which everybody fears in this industry, 
then the problem in the first two or three seconds is to get 
rid of the heat, and that cool moderator can serve as an 
initial heat sump. So you have a stabilizing thing tending 
to stabilize temperature, and the fact that the moderator 
will keep circulating and is cool ts part of the reason. 


The other part of the argument is this. If you do not 
have a separation of moderator from the coolant and you 
have a breach in the thing, then the volume of water 
available to flash into steam is very much greater. The 
amount of steam that can actually flash in a CANDU if 
there is a LOCA is restricted by the fact that the heat 
transport system has a comparatively low volume. 


Those are the two reasons why. 


Mr. Gagnon: You also mentioned the positive void 
reactivity coefficient. Would you explain what that is 
please, and why it is detrimental? 


The Chairman: What page was that on? 
Mr. Gagnon: Page 9, last sentence. 


Dr. Hare: What engineers mean by voids is not 
emptiness but steam, in this context. Inside the cooling 
system of a CANDU reactor, the heavy water is under 
EXiLeMemMDLESSUKC,. wld) Megapascals——-OL ss) 1S. = its 
megapascals? It is a lot of pressure. I have forgotten 
exactly what the value is. 


What you have, then, is compressed heavy water at a 
high temperature, 320° Celsius. If there is any significant 
break in the boundary of that high-pressure system and 
the pressure falls, then the water instantly boils, meaning 
that it turns itself into bubbles, or voids. 


These voids are very different in relationship to the 
flux of neutrons, and the flux of neutrons is greatly 
increased as soon as the voids appear, which means that 
the rate of fission in the vicinity of that tube increases in 
the reactor, and that produces an explosive take-off. 


“791330 


In the main report—which I think I am going to leave 
with the committee, if the committee can stand it, Madam 
Chairman—you will find a diagram showing that within 
2.2 seconds, because of that positive void coefficient after 
the initial break, you have an explosive build-up of 
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M. Gagnon: Pourquoi? 
M. Hare: Pour plusieurs raisons. 


Incidemment, c’est en partie la raison pour laquelle a 
Chernobyl il y a eu tant de problemes, tl n’y a pas cette 
separation. 


Pour commencer, vous pouvez maintenir le 
modérateur a une faible température, a 70 degré celsius, 
alors que le fluide de refroidissement est a une 
température é€levée—320 degrés—ce genre de chose. S’il y 
a une rupture dans le systeme caloporteur, un accident de 
perte de réfrigérant primaire, ce que tout le monde craint 
dans cette industrie, le probleme alors dans les deux ou 
trois premieres secondes est de se débarrasser de cette 
chaleur, et ce modérateur peut étre utilisé comme 
premiere soupape de chaleur. Vous avez donc un appareil 
stabilisateur qui tend a stabiliser la température et le fait 
que le modérateur continue a faire circuler le fluide a 
basse température est une partie de la raison. 


L’autre raison est la suivante. Si le modérateur n’est 
pas séparé du fluide de refroidissement et qu’il y a une 
rupture, le volume d’eau se tranformant en vapeur et 
beaucoup plus élevé. Le volume de vapeur qui se répand 
dans un CANDU en cas d’accident de perte de réfrigérant 
primaire est limite par le faible volume comparatif du 
systeme caloporteur. 


Ce sont les deux raisons. 


M. Gagnon: Vous avez aussi parler du coefficient de 
vide positif. Pourriez-vous également nous expliquer, s‘il 
vous plait, la raison pour laquelle c’est mauvais? 


La présidente: A quelle page? 
M. Gagnon: A la page 9, la derniere phrase. 


M. Hare: Dans ce contexte par vide les ingénieurs 
n’entendent pas vacuité mais vapeur. A lintérieur du 
circuit de refroidissement d’un reacteur CANDU, l’eau 
lourde subit une tres forte pression, une pression de 18 
mégapascals, ou est-ce 12 mégapascals? La pression est trés 
forte. Je ne me souviens plus exactement de sa valeur. 


Vous vous retrouvez avec de l’eau lourde comprimee a 
température élevée, a 320 degrés celsius. S’il y a une 
rupture importante dans l’enceinte de ce circuit a haute 
pression et que la_ pression tombe, leau  boue 
instantanement c’est-a-dire qu'elle se transforme en bulles 
ou en vides. 


Ces vides sont tres différents par rapport au flux de 
neutrons et le flux de neutrons est grandement accru des 
que ces vides apparaissent ce qui signifie que le taux de 
fission dans le voisinage de ce tube augmente dans le 
réacteur et produit un debut d’explosion. 


Dans le rapport principal, que je suis disposé a vous 
laisser entre les mains, si vous €tes capable d’en supporter 
le poids, madame la _ présidente, vous trouverez un 
diagramme qui vous montre qu’en l’espace de 2,2 
secondes, la fissure initiale ayant fait passé le coefficient 
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pressure in the system because of the increased reactivity. 
It only takes about 3.7 seconds to burst the calandria as 
the result of this build-up. That is what [ meant by a 
positive void reactivity coefficient. When the water boils 
and becomes steam, the reactivity, which means the 
power output of the reactor, increases explicitly within 
split seconds. That does not happen in many other reactor 
designs. In other reactor designs, if the coolant turns into 
void, you actually lose reactivity and the reactor shuts 
itself down. 


Mr. Porter: You mention on page 12, under risk 
accidents, that abnormal incidents are common in 
generating stations, in the order of 700 significant reports 
a year; that those with significant consequences are 
examined internally and appropriate measures are taken; 
and that they are reported to the AECB and the Ontario 
Legislature. 


First of all, what are considered significant 
consequences? Those reports that are submitted, are they 
made public; and does the Ontario Legislature publish 
those reports at a later time? You mention later about the 
AECB retaining its present power, sanctions, and 
functions and ensuring that the reasons for its decisions 
are promptly published and enforced. Is that not 
happening now? 


Dr. Hare: It has not always happened in the past. There 
are two questions there. Could I take first the one about 
significant event reports, and then secondly the one about 
coming clean as to why decisions are taken? 


The NCRs are divided up into so-called consequence 
classes. If an electric light bulb in the antechamber of the 
control room burns, that is not a significant event report. 
But if a source of light inside a chamber where a dial has 
to be read burns, which has some safety signficance, that 
would be a signficant event report. The fact that it had 
gone and been changed would be reported. In fact, every 
maintenance worker and every controller in the whole 
system maintains a diary of everything he does, and if it is 
not part of his routine job, if it is not something that 
happens every Monday, Tuesday, Wednesday, Thursday, 
as a matter of course, it is noted. 


They are then sorted into consequence classes, which 
are clearly defined by Ontario Hydro, and sent on their 
way to the Nuclear Interrogatory Review Committee. I am 
not quite sure who in the system it is who sorts this out, 
but in the first instance the report is made with the 
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cavitaire au positif, il se produit une mise en pression 
explosive dans le systeme a cause de la ré€activité accrue. 
La mise en pression est telle qu il suffit d’a peine 3,7 
secondes pour faire exploser la calandre. Voila ce que 
jyentends par coefficient de reéactivité cavitaire positif. 
Lorsque Veau bout et s évapore, la réactivité, c’est-a-dire le 
rendement de puissance du_ réacteur, augmente 
sensiblement en fractions de secondes a peine. Cela ne se 
produit pas dans la plupart des autres types de réacteurs. 
Dans ces autres réacteurs, s'il y a perte de fluide de 
refroidissement, il y a aussi perte de réactivité et le 
réacteur s’arréte de lui-méme. 


M. Porter: A la page 12, au chapitre des risques 
d’accidents, vous dites que les incidents anormaux sont 
frequents dans les centrales électriques, de l’ordre de 700 
par année; vous dites aussi que les incidents dont les 
consequences peuvent étre importantes sont étudiés intra- 
muros et que les mesures appropriées sont prises; on rend 
ensuite compte de ces incidents a la Commission de 
controle de l’€nergie atomique, et au Parlement ontarien. 


Tout d’abord, quels sont les incidents que vous 
considérez comme importants? Les rapports soumis sont- 
ils rendus publics? Le Parlement ontarien publie-t-il ces 
rapports ultérieurement? Vous parlez ensuite de 
importance de maintenir les pouvoirs  actuels, 
l’autorisation de sanctionner et les fonctions actuelles de 
la Commission de controle de l’énergie atomique, et 
importance de publier rapidement les raisons pour 
lesquelles la commission a pris telle ou telle décision et 
Vimportance de les faire appliquer le plus rapidement 
possible. N’est-ce pas ce qui se fait deja? 


M. Hare: Non, cela n’a pas toujours été le cas. Vous 
m’avez pose deux questions. Puis-je d’abord répondre a 
celle qui porte sur le compte rendu des incidents 
importants, puis je passerai a votre deuxiéme question et 
expliquerai pourquoi il est important de bien justifier les 
décisions. 


Les accidents sont divisés en  catégories selon 
importance qu’ils peuvent avoir. Par exemple, si une 
ampoule électrique dans l’anti-chambre de la salle de 
controle grille, cela nest pas considéré comme un 
événement dimportance. Mais si la source de lumiére a 
Vintérieur d’une chambre ou il faut pouvoir lire un 
cadran vient a griller, ce qui peut avoir des répercussions 
importantes pour la sécurité, cela devient par le fait 
méme un €vénement important qui est signalé dans un 
rapport. Le fait que l’ampoule ait grillé et qu’elle ait été 
changée est inscrit dans le rapport. Tous les préposés a 
Ventretien et tous les contrdleurs, ou qu/ils travaillent 
dans le systeme, maintiennent un registre de tous leurs 
gestes, et lorsqu’itls font quelque chose qui n’est pas 
courant, qui ne se produit pas tous les jours de la 
semaine, par exemple, ils le notent. 


Chaque é€vénement est ensuite réparti en catégories 
selon son importance, catégories qui sont clairement 
définies par lHydro-Ontario, puis envoyées dans un 
rapport au Nuclear Interrogatory Review Committee. Je 
ne sais pas exactement qui fait la répartition des incidents, 
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Operator’s name on it. Some official, and I have to confess 
I do not know who this is, then rewrites this so as to take 
the operators name out of it. and it becomes an 
anonymous report of an event as distinct from a comment 
made by an individual. This is to protect the individual, 
but it is also to encourage the individual to speak freely. 
The anonymous report then goes up the ladder to Bill 
Morrison's staff in the Nuclear Interrogatory Review 
Committee, which sorts out the cases that are of 
sufficiently high consequence, from the point of view of 
public safety, to justify discussion by the committee itself. 


The committee considers them all and ordains what 
action has to be taken, and records this fact. You can see 
all of this in the full annual report of the committee 
which goes to the Ontario Legislature. It is the most 
boring reading after the list of “begats” in the Old 
Testament. But it still can be done. 
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They also go to the Atomic Energy Control Board, who 
do not, however, publish their audit. They do audit them, 
but they do not publish the audit. I think they should. 


That is roughly it. 


What it boils down to is this. Just about everything that 
happens in the station touching on the operational 
systems is recorded on paper, and those bits of it that have 
potential safety consequences flow upwards. Saying there 
are 700 accidents on the station, which is what anti- 
nuclear pundits do, is an exaggeration; but there are 700 
Opportunities for accident, in the sense that some of those 
might well turn out to be more severe than they at first 
appear. Things like a broken pressure tube are significant 
events, just as the failure of a light fixture inside some 
critical area is a signficant event. So you have to have 
some kind of sorting system. 


[ think on the whole it works very well. I am disturbed 
about the fact that there are differences between stations. 
With some stations clearly the management requires that 
many more of these be filed than at others. For example, 
at Pickering “B” it is about 290 a year, and there is 
another reactor where it is only about 80 a year; and I 
cannot believe a brand new station like Pickering “B” 
requires as many as an Old station does. So it seems to me 
there are differences of culture here that ought to be 
removed. 
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mais je sais qu’au départ. le rapport est fait au nom de 
lopérateur de machine. Ensuite, quelque agent au rang 
plus élevé, je ne sais pas exactement qui, reprend le 
rapport pour le réécrire, pour en supprimer le nom de 
Vopérateur, et pour quil devienne un compte rendu 
anonyme d'un événement plutot quun commentaire 
individuel. Nous voulons ainsi protéger l’employé qui a 
signalé V’incident, et l'encourager a s’exprimer librement. 
Le rapport anonyme suit ensuite la fili€re et se retrouve 
au bureau de Bill Morrison du Nuclear Interrogatory 
Review Committee, la ou on fait le tri des incidents qui 
sont suffisamment graves, du point de vue de la sécurité 
du public, pour justifier que l’on en discute au comité 
méme. 


Ce dernier se penche sur chacun des incidents, et 
décide quelles mesures doivent étre prises, ce dont il 
prend note. Vous pouvez trouver tous ces renseignements 
dans le rapport annuel du comité qui parvient au 
Parlement ontarien. C’est le document le plus ennuyant a 
lire, aprés la liste des «descendants» de lAncien 
Testament. Mais on peut toujours le lire si on le veut. 


Les rapports sont ensuite envoyés a la Commission de 
controle de l’énergie atomique, qui, pour sa part, ne 
publie pas son évaluation, a elle. Elle fait sa propre 
évaluation des rapports, mais n’en publie pas les résultats. 
Personnellement, je pense qu'elle devrait le faire. 


En gros, voila. 


Si je peux me répéter, tout ce qui se passe dans une 
centrale et qui a rapport avec son systéme d’exploitation 
est inscrit dans un registre, et tous les incidents qui 
pourraient avoir quelques conséquences du point de vue 
de la sécurité font l’objet d’un compte rendu spécial qui 
remonte la filiére. Les tenants de l'antinucléaire exagérent 
lorsqu’ils parlent de 700 accidents dans les centrales; je 
dirais plutot qu’il y a 700 risques d’accident parce que 
certains incidents peuvent fort bien étre plus graves qu’ils 
ne paraissent au début. Une fissure dans un tube de force 
peut étre un événement important, tout comme une 
ampoule grillée dans une région critique du systéme. 
Vous comprenez donc pourquoi il faut avoir un systeme 
de tri des €véenements. 


Je trouve qu’en gros, notre fagon de faire donne de 
bons résultats. Ce qui me dérange, c’est qu'il y ait des 
differences d’une centrale a l’autre dans la fagon dont on 
réagit aux incidents. Dans certaines centrales, la direction 
exige que l’on fasse un compte rendu d’a peu pres tout ce 
qui survient. Ainsi, a la centrale de Pickering «B», on 
rencontre environ 290 incidents par année, alors 
qu’ailleurs le nombre d’incidents atteint a peine les 80 par 
année; et je ne peux croire qu’il soit nécessaire de faire 
autant de comptes rendus dans une toute nouvelle 
centrale comme celle de Pickering «B» que dans des 
vieilles centrales. Il me semble qu’on devrait abolir ces 
différences. 
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To come to the board, the way the board operates is by 
exchange of correspondence between the president and 
the chairman of Hydro. The board considers matters. 
What that means is that its staff do a hell of a lot of work. 
They really do. They work this over. For months there 
will be an exchange of correspondence, verbal and 
written, between the staff of AECB and the staff of Hydro. 
When it finally reaches the point of a board decision, that 
decision is then written by the staff for discussion by the 
board. It goes to the board. If the board adopts it, the 
president of AECB then writes a letter to the chairman of 
Hydro, saying what the decision is and giving an outline 
of the reasons. But it takes a great deal of research to find 
out what really happens in those difficult cases that go 
wrong. 


One of the submissions made to us was that the whole 
question of the emergency coolant injection system at 
Bruce “A”, which was a cause célébre that went on for 
about 12 years... it was quite impossible to tell from the 
letters exchanged between the top executives what really 
happened. Of course it was alleged by the industry’s 
critics that the board was in fact being intimidated by 
Hydro on this matter. 


Well, this is ancient history, and the Ontario select 
committee on Hydro affairs have already gone into it and 
published an analysis of it. If you want to look into this in 
detail, the account given by Energy Probe in their 
submission to us is essentially correct. It is what 
happened. 


We felt it was absurd that all this work should be done 
in such a way as to leave the suspicion that the public 
interest was not being protected. We felt, therefore, that 
with all decisions of the board, licensing decisions, 
modification decisions, anything that has a bearing on 
public safety, the letters of exchange ought to be 
absolutely explicit and include a complete, detailed 
statement of the reasons for the decisions and a timetable 
for their execution. They do not, or they have not done so 
in the past. 


Mr. Gagnon: I am up to where you are talking about 
loss of regulation. You point out that it has not been 
analysed. Can you tell us what loss of regulation is and 
why has it not been analysed? 


Dr. Hare: The striking thing about a nuclear reactor is 
that it is regulated to within an inch of its life. You get the 
reactor up to criticality and you then hold it there, almost 
exactly at criticality. It is not somebody holding knobs 
who does this. It is a control computer, or a bank of 
control computers, that does it. 
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If for some reason—an explosion in the control room 
Or an earthquake or some external factor—the control 
computers lose control, that is obviously a major concern 
because you are taking the controls off a system that has 
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Revenons a la commission: celle-ci échange de la 
correspondance avec le président de |'Hydro. Son role est 
d’étudier des questions, c’est-a-dire que son personnel abat 
un travail €norme et revoit tout cela. Pendant des mois, il 
y a correspondance ou conversation entre le personnel de 
la Commission de contrdle et celui de lHydro. 
Lorsqu’enfin la commission est en mesure de rendre un 
jugement, celui-ci est préparé par le personnel pour que 
les commissaires puissent en discuter. Si le jugement est 
entériné par la Commission de controle, son président 
écrit alors au président de Il’Hydro pour lui faire part de 
son jugement et de ses raisons. Mais il faut beaucoup de 
recherche pour déterminer vraiment ce qui s’est passé 
dans les cas difficiles ou il y a eu des pépins. 


Un des dossiers qui nous avaient été transmis 
concernait le systeme dinjection du_ fluide de 
refroidissement caloporteur a la centrale Bruce «A», qui 
est a l’origine d’une cause célebre qui a duré environ 12 
ans... En fait, il nous avait été quasi impossible de 
comprendre, a partir des lettres échangées entre les 
dirigeants, ce qui s’était vraiment passé. Bien sur, les 
critiques de l’industrie nuléaire ont prétendu que la 
commission avait cédé aux intimidations de l’Hydro. 


Tout cela est de lhistoire ancienne, et le comité 
Ontarien sur les affaires de l’ Hydro s’est déja penché sur la 
question et en a publié une analyse. Si vous voulez voir 
tout cela en détail, je peux vous dire que le rapport 
transmis par Energy Probe dans son mé€moire est 
essentiellement correct et décrit bien ce qui s’est passé. 


Il est absurde que, malgré tout le travail effectué, le 
public ait encore l’impression que l’on n’a pas protégé ses 
intéréts. C’est pourquoi nous avons décidé que, 
contrairement a ce qui s’est fait par le passé, tous les 
jugements de la commission au sujet de l’octroi de permis 
et de modifications, autrement dit tout ce qui peut avoir 
une incidence sur la sécurité du public, les lettres de 
correspondance, devraient étre absolument explicites et 
inclure un exposé détaillé des raisons avancées ainsi qu’un 
canlendrier de mise en vigueur des mesures de 
redressement. 


M. Gagnon: Je vous ai suivi jusqu’a ce que vous parliez 
du manque de reglement. Vous dites que cela n’a pas été 
analysé. Qu’entendez-vous par manque de reglement et 
pourquoi cela n’a-t-il pas été analysé? 


M. Hare: Ce qui est fascinant au sujet d’un réacteur 
nucléaire, c’est que tout est reglementé au pouce pres. On 
n’a qu’a amener le réacteur jusqu’au point de criticité et a 
le maintenir a ce niveau-la, ou presque. Ce n'est pas 
comme si quelqu’un tenait une poignée. Tout est régi par 
ordinateur Ou par une banque d’ordinateurs. 


Si, pour une raison quelconque—comme_ une 
explosion dans la salle de controle, un tremblement de 
terre, ou quelque autre facteur externe—les ordinateurs de 
controle ne fonctionnent plus, cela cause €videmment une 
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to be kept under tight control. That is what is meant here, 
and it is feasible, although it is exceedingly unlikely. 


Mr. Gagnon: Why has it not been analysed, though? I 
do not understand that aspect. 


Dr. Hare: It has been thought so extremely unlikely 
that it was not worth analysing. You see, these reactors 
have shut-down systems, and the theory is that the shut- 
down systems are damned nearly infallible. Why analyse 
things that are not going to happen? 


There is a good deal to be said for this. It costs 
hundreds of thousands of dollars, if not millions of 
dollars, to do the experiments I am talking about here. I 
can tell you exactly what it cost us. My survey alone paid 
about $85,000 to Argon for their very small part of the 
study we asked Ontario Hydro to do. 


Mr. Gagnon: In your summary technical report you 
say that, by 1993 when Darlington comes on, it will meet 
69% of the consumption. Does this mean the nuclear 
plants of Ontario Hydro will be going beyond load level 
and into supplying peak power? 


Dr. Hare: No, it is 69% of total consumption; it is 80% 
of base load. 


Mr. Gagnon: So you do not anticipate Ontario Hydro 
doing as the French have and supplying peak power and 
following the load. 


Dr. Hare: Hydro have no plans to do that yet. If they 
did have such plans, I think I would oppose those plans. I 
think nuclear power, by its very nature, is not only most 
economical but also probably safest if it is operated flat 
Out; that is to say, if it is used with as few deliberate power 
excursions as possible. I prefer to think those reactors are 
humming away at a standard rate than having control 
systems that take them up and down all the time. 


Mr. Gagnon: I have two last questions, if I may. First, 
you mentioned that CANDU_ makes tritium and 
carbon-14. Where does the carbon-14 come from, or 
where does the carbon come from? Second, what are your 
thoughts on the repository for spent fuel? 


Dr. Hare: First of all, the carbon-14 comes from 
nitrogen-14. Unfortunately, the mistake was made, when 
the Pickering “A” reactors were designed, of putting into 
the annulus between the pressure tube and the calandria 
tube the inert gas nitrogen-14, which is ordinary 
atmospheric nitrogen. Nobody noticed the fact that under 
neutron bombardment this would then... Let us see, I 
have forgotten the transition. I think it goes up to 
oxygen-17, which decays then alpha particle-wise and 
comes back down to carbon-14. It is a nuclear transition, 
in other words, that was not anticipated. 
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vive inquiétude puisque l’on a un systeme fonctionnant 
indépendamment, alors qu’il avait été jusque la soumis a 
une surveillance severe. Voila ce que nous entendons par 
la, c est faisable, mais extremement improbable. 


M. Gagnon: Pourquoi n’avez-vous pas analysé cette 
situation? Je ne comprends pas. 


M. Hare: On l’a crue extremement improbable; aussi 
on n’a pas jugé bon de lanalyser. Voyez-vous, les 
réacteurs sont dotés de systemes d’arrét des machines, et 
théoriquement on les estime quasi-infaillibles. Dans ce 
cas, pourquoi analyser ce qui ne se produira pas? 


On aurait beaucoup a dire sur le sujet. Il peut en 
couter des centaines de milliers de dollars, sinon plus, 
pour faire les expérience dont je parle ici. Je peux vous 
dire exactement ce que cela nous a coute, a nous. La toute 
petite partie de l’étude que nous avons demandée a Hydro- 
Ontario a rapporté environ 85,000$ a Argon. 


M. Gagnon: Dans le résumé de _ votre’ rapport 
technique, vous dites que d’ici 1993, date a laquelle la 
centrale de Darlington sera fonctionnelle, vous pourrez 
répondre a 69 p. 100 de la consommation. Cela signifie-t- 
il que les  centrales mnucléaires d’Hydro-Ontario 
dépasseront le niveau de charge prévu et atteindront la 
puissance de créte d’approvisonnement? 


M; ¢:Hare:i,Non; yalw siagit) dei 69ips_ 1OOjadeimila 
consommation totale et de 80 p. 100 de la charge de base. 


M. Gagnon: Vous ne vous attendez donc pas a ce 
qu’Hydro-Ontario fasse comme les Frangais et fournisse la 
puissance de créte pour suivre la charge demandée? 


M. Hare: Hydro-Ontario n’a pas l’intention de le faire, 
a Vheure qu'il est. Méme si elle en avait l’intention, je 
pense que je m’y opposerais. De par sa nature méme, 
énergie nucléaire est non seulement la plus économique, 
mais probablement aussi plus sécuritaire, dans la mesure 
ou elle est exploitée avec le moins possible d’excursions 
de puissance délibérées. Je préfére que les réacteurs 
fonctionnent a la méme puissance de fagon constante 
plut6t que d’avoir a leur adjoindre des systemes de 
controle pour vérifier les fluctuations. 


M. Gagnon: J’ai deux derniéres questions a vous poser. 
Tout d’abord, vous avez dit que le CANDU produisait du 
tritium et du carbone-14. D’ou provient le carbone, et 
plus particuliérement le carbone-14? Deuxiemement, que 
pensez-vous des dépdts de combustible épuise? 


M. Hare: Tout d’abord, le carbone-14 provient de 
l’azote-14. Malheureusement, on a fait une erreur lorsque 
Von a dessiné les réacteurs de la centrale Pickering «A»: 
On a introduit dans l’espace annulaire entre le tube de 
force et le tube de calandre le gaz inerte, azote 14, qui est 
V'azote ordinaire trouvé dans l’atmosphére. Personne ne 
s’est rendu compte que, avec un bombardement de 
neutrons, cela... Attendez, j’ai oublié quelle était la 
séquence de transformation. Je pense que le gaz se 
transforme en oxygene 17, qui libere ensuite des 
particules alpha et se retrouve ensuite sous la forme de 
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I have had personal experience of this because I 
actually did put on the protective clothing and get right 
inside those Pickering “A” reactors and look at what they 
were actually doing. The workers had to work in very 
undesirable levels of carbon-14. They wore extra, extra 
layers of protective clothing as a result. 


They have gotten over the problem now in that all 
subsequent reactors have used ordinary carbon dioxide as 
the gas, and oddly enough, if you irradiate carbon dioxide 
it does not produce any significant quantities of 
carbon-14. It is nitrogen that is the problem. 


The second question was what? 
Mr. Gagnon: Repository for spent fuel. 


Dr. Hare: I believe it is perfectly feasible—and it 
should be done—to build an underground repository in a 
remote location to get it out of people’s hair and anxieties, 
and that it is possible to design a safe means of 
transporting the fuel to those repositories. I could stay 
here for the rest of the day answering the details behind 
that, sir, because this is one that I did in my report to the 
federal government in 1977 and I have not changed my 
mind. 


Meanwhile, the fuel stays on the sites, and it can do so 
indefinitely if that is what the public wants. But I think 
the public is wrong if the public thinks that is a good 
idea. I would like to see this stuff concentrated in 
repositories. I would like to see the program that Hydro 
and AECL are carrying out put into progress. I think they 
have done a very good job, incidentally, of investigating 
the possible sites. It will be extremely difficult to find a 
final site that would be acceptable to the public because of 
the unpleasant reputation the stuff has. I personally feel 
nevertheless it should be done. It is one of those awkward 
things. You cannot have reactors without being able to 
dispose of the fuel. 
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The Chairman: We feel exactly the same way and I 
think one of our strongest recommendations is going to 
be, mainly through public relations, that there has to be a 
repository, some sort of disposal site set. It was a matter 
of, let us get our act together and put a time limit on it. 
We think the public does not want to accept nuclear 
energy in regards to electric power mainly because of the 
repository, the storage and the disposal systems. 


Dr. Hare: My attitude is typical in this. Most 
scientists—I am not talking about biological scientists; I 
am talking about physical scientists, like myself—and 
engineers would say that the major problem is that of 
reactor safety. One of the reasons I agreed with the 
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carbone-14. C'est une transition nucléaire, autrement dit, 
imprévue. 


J'ai vécu personnellement cette situation, parce que j’ai 
moi-méme visité lintérieur des réacteurs de Pickering 
«A» pour regarder ce qui s’y faisait, et j'ai été moi-méme 
obligé de revétir les combinaisons protectrices. Les 
employés qui y travaillaient y étaient en contact avec des 
niveaux beaucoup trop élevés de carbone-14; aussi 
portaient-ils des couches supplémentaires de vétements 
protecteurs. 


On a aujourd’hui résolu ce probléme, car tous les 
autres réacteurs construits ultérieurement utilisent le gaz 
carbonique ordinaire et, ce qui est assez curieux, si l’on 
irradie le gaz carbonique, il n’é€met pas de grandes 
quantités de carbone-14. Cv’est l’azote qui causait le 
probleme. 


Quelle était votre deuxiéme question? 
M. Gagnon: Le dépét de combustible irradié. 


M. Hare: Je crois qu'il est tout a fait possible—ce qui 
devrait se faire—de construire un dépot sous-terrain dans 
un endroit trés éloigné pour que cela n’inquiéte plus 
personne; il est aussi tout a fait possible de mettre au 
point des moyens absolument  sécuritaires pour 
transporter le combustible jusqu’a ces dépdts sous- 
terrains. Je pourrais vous expliquer cela en détail jusqu’a 
ce soir, parce que j’ai Justement, sur ce sujet, rédigé un 
rapport que j’ai remis au gouvernement fédéral en 1977, 
et je n’ai pas change d’avis depuis. 


Entre temps, on peut garder le combustible sur place, 
et cela indéfiniment, si le public le souhaite. Mais je pense 
qu'il a tort de penser que c’est la meilleure solution. Je 
voudrais que ces produits soient enfouis dans des 
cimetiéres. J’aimerais que le programme établi par Hydro- 
Ontario et l EACL avance. Je dois dire qu’ils ont fait tout 
ce quils ont pu pour trouver des sites d’enfouissement 
éventuels. Il sera trés difficile de trouver un site définitif 
acceptable pour le public a cause de la mauvaise 
réputation de ces déchets. Personnellement, cependant, je 
pense que cela devrait étre fait. Ce n’est pas facile, mais il 
faut le faire. On ne peut pas construire de réacteur sans 
pouvoir évacuer le combustible un jour ou l’autre. 


La présidente: Nous sommes entierement du méme 
avis, et je crois que, dans notre rapport, nous mettrons 
surtout l’accent sur l’obligation de faire accepter, par 
relations publiques, la nécessité d’avoir un cimetiére, un 
site d’enfouissement des déchets. Prenons une décision 
une fois pour toutes et imposons un délai. Nous croyons 
que le public rejette l’électricité produite par l’énergie 
nucléaire parce que justement il faut trouver un endroit 
ou déposer, évacuer et enfouir ces déchets. 


M. Hare: Ce que je pense a ce sujet est typique. La 
plupart des scientifiques—et je me parle pas des 
biologistes, mais des physiciens, comme moi-méme—et 
des ingénieurs vous diront que ce qui importe avant tout, 
c’est la sécurité du réacteur. Si j'ai accepté le poste que 
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Minister to do this job was that I have always felt that 
reactor safety was the main problem. But I agree with 
you: I think the public is more impressed by the fact that 
these reactors produce long-term dangerous risks; that is 
what has the public appeal. But I do feel that there is no 
choice; the public will ultimately have to agree to having 
this stuff disposed of, even if it is only disposed of on the 
site, but I would very much sooner take the fuel and put 
it down a deep hole somewhere in a remote location than 
put it right under Pickering or right under Darlington, 
which is what will have to happen if nobody will agree to 
it being moved or agree on another site. 


Mr. Gagnon: What sort of criteria would you have for 
site selection? 


Dr. Hare: Certainly my first would be acceptability by 
the local population. I just do not think anything of this 
kind can be wished on an unwilling constituency. [ would 
not do it. 


Mr. Gagnon: Okay, secondly? 
Dr. Hare: Hard igneous rock, available in great depth. 


Mr. Gagnon: What is wrong with anhydrate or salt 
deposits, for instance? 


Dr. Hare: I do not think salt deposits exist in this 
country at suitable positions. If they do, I think they are 
apt to be honeycombed with pre-existing workings. I 
prefer the massive igneous to the salt. 


Mr. Gagnon: Certainly much of southern 
Saskatchewan has very thick salt beds. Michigan and 
southern Ontario have salt beds that have been there for 
the last 350 billion years. 


Dr. Hare: But the southern Ontario beds are indeed 
honeycombed with pre-existing workings and they are not 
secure. The Saskatchewan ones are too far away; besides, 
if I were a Saskatchewan farmer I should say why bring it 
all this way? 


Mr. Gagnon: So part of your criteria then would be 
that it is close to the place where it is being used, if you 
are ruling out Saskatchewan— 


Dr. Hare: Yes, minimize transportation. It has to be, in 
my opinion, rail transport. 


Mr. Gagnon: What about sea transportation? 
Dr. Hare: We do not have the sea. 


Mr. Gagnon: You have an inland sea with the Great 
Lakes. 


Dr. Hare: Yes, but the Great Lakes have canals and 
narrows and locks and accidents, sea wrecks. I do not 
think I want to see this stuff move on the Great Lakes. 
Mind you, the containers are very secure indeed. I have 
actually been in one. 
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me proposait le ministre, c’est précisément parce que j’ai 
toujours pensé que cette question de sécurité était au 
coeur du probleme. Mais je suis d’accord avec vous. le 
public est davantage impressionné par le fait que ces 
réacteurs présentent un danger a long terme; c’est ce que 
pense le public. Mais a mon avis, nous n’avons pas le 
choix; le public devra au bout du compte accepter que ces 
déchets soient évacués, méme s’ils ne sont enfouis que 
dans un cimetiére, bien que je préférerais qu’ils le soient 
au fond d’un trou quelque part dans une région éloignée 
plutdt que sous terre a Pickering ou a Darlington, ce qu’il 
faudra faire si personne n’accepte que ces déchets soient 
enfouis ailleurs. 


M. Gagnon: A votre avis, quels criteres devraient régir 
le choix de ces sites? 


M. Hare: Le premier critére serait que ce site soit 
accepté par la population locale. Je ne crois pas que l’on 
puisse imposer cela a une population qui n’en voudrait 
pas. 


M. Gagnon: Et le deuxieme critére? 


M. Hare: Sous des roches éruptives dures, a grande 
profondeur. 


M. Gagnon: Que voyez-vous a redire a des mines 
déshydratées ou des mines de sel, par exemple? 


M. Hare: Je ne crois pas qu’il y ait au Canada des 
mines de sel bien placées. S’il en existe, elles sont 
vraisemblablement criblées d’ouvrage de soutenement. Je 
préfére les roches éruptives au sel. 


M. Gagnon: Mais on trouve des couches de sel trés 
épaises dans le sud de la Saskatchewan. Les couches de sel 
que l’on trouve au Michigan et dans le sud de l'Ontario 
existent depuis 350 milliards d’années. 


M. Hare: Oui, mais les couches de sel qui se trouvent 
dans le sud de l’Ontario sont criblées d’ouvrages et ne 
sont pas sures. Les couches de sel que l’on trouve en 
Saskatchewan sont trop éloignées; dailleurs, si j’étais un 
agriculteur de la Saskatchewan, je vous demanderais: 
pourquoi apporter ces déchets jusqu’ici? 


M. Gagnon: Vous estimez donc que ces déchets 
devraient étre enfouis pres de la centrale puisque vous 
rayez la Saskatchewan. . . 


M. Hare: Oui, en vue de réduire au minimum leur 
transport. Il vaudrait mieux que cela se fasse, a mon avis, 
par chemin de fer. 


M. Gagnon: Et par mer? 
M. Hare: Nous n’avons pas de mer. 


M. Gagnon: Les Grands Lacs constituent une mer 
fermée. 


M. Hare: Oui, mais il y a des canaux, des 
étranglements, des écluses dans les Grands Lacs, et aussi 
des accidents. Je ne voudrais pas que ces déchets soient 
acheminés par les Grands Lacs. Remarquez bien, les 
conteneurs sont vraiment trés stirs. J’ai déja été a bord 
d’un de ces porte-conteneurs. 
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The Chairman: Most railways go through downtown, 
Or major urban areas. 


Dr. Hare: Then you would have to make railways that 
did not go downtown, madam, and it can be done. I 
mean, when [ was doing this investigation I actually 
looked at routes between Bruce and Darlington and 
Pickering and northern Ontario that would not involve 
movement through downtown population densities of any 
great size. 


In any case, we are talking about containers that will 
Survive crashes of those trains at ten times the speed the 
trains are ever going to go at. Really, there is no question 
of security. I think, however, that I do not like the idea of 
hundred tonne steel containers moving on the highways, 
and that is why I have always preferred the rail. 


Mr. Gagnon: It would certainly be hard on a road. We 
have acceptability by the population, granitic rocks and 
rail transportation. Presumably you would have to have 
earthquake-prone areas being ruled out. 
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Dr. Hare: Yes, although [ am not impressed by the 
earthquake hazard. Japanese coal mines, for example, are 
not greatly affected by the frequent major quakes. The 
earthquake damage is largely confined to the earth’s 
surface; it is not very effective at depth. But you are 
talking here to a non-expert. It is my colleague, Les 
Chennault, and his people that you should be asking these 
questions of. 


Mr. Gagnon: Since you had already looked at it, I just 
wanted to get some of your thoughts. 


Would you have any objections to accepting other 
countries’ waste if we had such a repository? 


Dr. Hare: Speaking as an individual expert, no, I would 
not object. Speaking as a Canadian citizen who is 
conscious of living in a country of consent, I do not think 
I would want to do it, because I do not think anyone 
would consent to it. I think this is something we are going 
to have to face. It has to be done within the territories of 
the state concerned and I think within the territories of 
the province concerned. I think perhaps if you had a 
single reactor, as Quebec does and as New Brunswick 
does, I would make an exception to that if it could be 
negotiated. But the less you carry these materials across 


political boundaries, the less [I think it raises these 
questions. 
The Chairman: Saskatchewan has the uranium 


deposits. Ontario, Quebec and New Brunswick utilize 
nuclear energy for electricity. 
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La presidente: Mais la 
ferroviaires  traversent le 
agglome€rations. 


plupart des compagnies 
centre-ville, ede ~ grosses 


M. Hare: Dans ce cas-la, il faudra construire des voies 
de chemin de fer qui ne passent pas par le centre-ville, 
madame, et c’est possible. Lorsque j’ai effectue cette 
enquéte, j’ai trouvé des voies entre Bruce et Darlington, et 
entre Pickering et le nord de |’Ontario, qui ne passeraient 
pas par de grosses agglomerations. 


De toute fagon, en cas d’accident, les conteneurs sont 
plus surs que les trains, meme a une vitesse dix fois 
supérieure a la vitesse actuelle. Il n’y a vraiment aucune 
question de sécurité. Cependant, je ne voudrais pas voir 
des conteneurs en acier de 100 tonnes sur nos autoroutes; 
c’est pourquoi j’ai toujours preféré le chemin de fer. 


M. Gagnon: Les routes le supporteraient mal. Ainsi, 
vous pensez donc que premierement, les sites en question 
devraient étre acceptés par la population locale, 
deuxiemement, et que ces déchets devraient-étre enfouis 
dans des roches granitoides et acheminés par chemin de 
fer. Je suppose qu'il faudrait également exclure toute 
région menacée par des secousses sismiques. 


M. Hare: Oui, meme si cela ne présente pas, a mon 
avis, de véritables dangers. Au Japon, par exemple, les 
mines de charbon ne sont pas touchées par les gros 
tremblements de terre qui secouent frequemment ce pays. 
Les tremblements de terre causent des dommages surtout 
a la surface de la terre et non en profondeur. Mais je ne 
suis pas expert en la matiére. Vous devriez poser toutes 
ces questions a mon collegue, Les Chennault, et a ses 
collaborateurs. 


M. Gagnon: Puisyue vous y aviez refléchi, je voulais 
simplement savoir ce que vous en pensiez. 


Vous Opposeriez-vous a ce que le Canada accepte les 
déchets d’autres pays sil possédait un  cimetiere 
d’enfouissement de déchets? 


M. Hare: Personnellement, non, a titre d’expert je n’y 
verrais pas d’inconvénient. Cependant, en tant que 
citoyen canadien vivant dans un pays démocratique, je ne 
crois pas que j’en voudrais, car personne n’y consentirait. 
Mais nous devons y faire face un jour ou l’autre. Ces 
déchets doivent étre enfouis sur le territoire de l’Etat en 
question et sur le territoire de la province en cause. Si 
une province ne disposait que d’un seul réacteur, comme 
c’est le cas du Québec et du Nouveau-Brunswick, je ferais 
une exception si cela pouvait étre négocie. Mais plus vous 
enfouissez vos déchets chez vous, moins cela pose de 
questions. 


La présidente: La Saskatchewan compte des mines 
d’uranium. L’énergie nucléaire sert a alimenter |’Ontario, 
le Québec et le Nouveau-Brunswick en électricité. 
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Dr. Hare: I know. I have heard this argument made 
with great emphasis several times. I do not expect people 
to be entirely consistent in their assessment of these 
things. The dominant side of Saskatachewan politics is 
Regina and Saskatoon, followed by the farmers, and Cluff 
Lake and Cigar Lake do not make much impression on 
the political scene. I think that is right and proper. 


I think, on the other hand, when somebody from 
Algoma says, why do you not do it here, we mined the 
stuff and we do not mind taking it back, I have a lot of 
sympathy for that. If communities in the Algoma district 
or in the Bancroft highlands argue along those grounds, 
then I think that is a fully rational thing. 


The Chairman: Excuse me for just a moment, Dr. 
Hare. Are you able to stay for another 10 or 15 minutes? 


Dr. Hare: Yes, I am. 


The Chairman: Mr. Gagnon and perhaps Mr. Porter 
have other committees, and there is also the House, but 
on behalf of them, as well as myself, we want to really 
thank you very much for coming today. But we are going 
to continue on if both Paul and Bob have to leave. 


We are scheduled for Tuesday morning at 8 a.m. in 
room 306 for the last meeting on our draft. 


Mr. Clay: Dr. Hare, you refer to the fact that Pickering 
“A” is less well protected than newer stations. I was 
wondering if you could briefly outline a little bit of the 
evolution in the safety systems through the Pickering “A” 
and “B” and Bruce “A” and “B” units. What has driven 
those changes in the safety systems? Has it been something 
that AECB has prompted? Has it been a natural evolution 
in design by AECL? Since the Pickering pressure tube 
failure would have occurred after most of that design 
work and construction was already under way, I would 
just like your views on what has driven that evolution in 
safety. 


ples) 


Dr. Hare: I am not fully aware of the story, because it 
is very hard to extricate. I think you might find that my 
colleague, Bob Bothewell, who is just publishing a book 
on AECL, knows the story in more detail than I do. But I 
can give you a rough outline. 


It was obvious from the start that CANDU systems 
would have a positive void coefficient. That is to say, if 
there were any breach in the cooling system, reactivity 
would go up explosively. Accordingly, it was assumed 
from the beginning that a shut-down system would be 
necessary. The shut-down system at NRX, the 
experimental reactor at Chalk River, proved inadequate, 
because essentially it was not separate from the control 
system and too much under the control of the operator. 
There was a serious accident, one of the world’s first 
serious accidents, as a result. 
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M. Hare: Effectivement. J’ai souvent entendu cet 
argument. Cependant, je ne m/attends pas a ce que les 
gens soient enti€rement conséquents lorsqu’ils analysent 
ce genre de choses. En Saskatchewan, la politique se joue 
surtout a Regina et a Saskatoon, puis dans les régions 
rurales compte tenu du poids des agriculteurs, et Cluff 
Lake et Cigar Lake ne sont qu'un point sur l’échiquier 
politique. C’est tres bien comme cela, d’ailleurs. 


Cependant, lorsque quelqu’un d’Algoma dit: «Pourquol 
ne pas le faire ici, nous avons exploité ce produit et nous 
ne voyons aucun inconvénient a le conserver», eh bien, 
cela me réjouit. Si c’est ce que veulent les localités de la 
région d’Algoma ou de Bancroft, je crois alors que c’est 
tout a fait rationnel. 


La présidente: Excusez-moi un instant, monsieur Hare. 
Pouvez-vous rester 10 ou 15 minutes supplémentaires? 


M. Hare: Oui. 


La présidente: M. Gagnon, et M. Porter peut-etre aussi, 
ont d’autres comités auxquels ils doivent assister, en plus 
de la Chambre, mais je voudrais, en leur nom, vous 
remercier d’étre venu aujourd’hui. Cependant, nous 
allons continuer meme si MM. Gagnon et Porter doivent 
partir. 


Nous examinerons pour la derniére fois notre projet de 
rapport mardi matin a 8 heures, salle 306. 


M. Clay: Monsieur Hare, vous avez dit tout a l’heure 
que la centrale nucléaire de Pickering «A» est moins bien 
protégée que les nouvelles centrales. Pourriez-vous nous 
dire, en quelques mots, comment a évolue le systeme de 
sécurité des centrales Pickering «A» et «B» et Bruce «A» 
et «B». Qu’est-ce qui y a entrainé la modification des 
systemes de sécurité? Cela a-t-il été fait a la demande de la 
CCEA? Est-ce du a l’évolution naturelle des techniques 
mises au point par ’'EACL? Puisque la rupture du tube 
de force de la centrale Pickering se serait produite alors 
que l’essentiel des travaux techniques de construction 
étaient déja en cours, je voudrais savoir ce qui, a votre 
avis, a entrainé cette modernisation des systemes de 
sécurité. 


M. Hare: Je ne sais pas tout a ce sujet, car il est tres 
difficile de s’y retrouver. Vous constaterez sans doute que 
mon collegue, Bob Bothewell, qui publiera sous peu un 
ouvrage sur l'EACL, en sait davantage que moi a ce sujet. 
Cependant, je peux vous en donner un apercu général. 


Il était évident des le départ que les réacteurs CANDU 
auraient un coefficient de vide positif, c’est-a-dire, qu’en 
cas de panne du systeme de refroidissement, ce serait 
explosion. En conséquence, un systeme d’arrét a été 
prévu des le départ. Le systeme d’arrét a lANRX, le 
réacteur expérimental installé a Chalk River, s’est révéle 
insuffisant, car il n’était pas suffisamment isolé du systeme 
de commande et dépendait trop de lopérateur, ce qui a 
entrainé un accident grave, un des premiers accidents 
graves intervenus dans le monde. 
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So late in the 1950s, early in the 1960s, when the 
overall dimensions of this country’s CANDU program 
were being thought out, people such as George Lund, the 
key designer of these things in so many ways, set it Out as 
a basic principle that you had to have shut-down systems 
that were independent, diverse, and outside the control of 
the operator, and they must be able to shut the reactivity 
off within a few instants of any detected error in the 
Operation of the reactor. 


Well, when the first of these were built by Hydro at 
Rolphton, with General Electric participation, and at 
Douglas Point, both were in comparatively remote 
situations. They had shut-down systems, and they had shut- 
down systems resembling the present shut-down system in 
many ways. But it was not at that time seen as quite the 
crucial question it was going to be when Hydro decided to 
build at Pickering, because Pickering was a different 
proposition. It was on the eastern outskirts of Toronto. 


So the shut-down system number one that was built in 
was, based on previous experience, shut-down rods that 
would fall into the reactor automatically if any departure 
from normal operating conditions were detected. This 
would be an automatic process, independently of the 
operators. On the basis of this, the AECB granted an 
Operating licence on the site, although they did have 
doubts about it. They were worried about the proximity to 
Toronto and the fact that Pickering was being built up 
rapidly. 


There were arguments that a second shut-down system 
would be required. But since it was not in the design, the 
board argued for stronger containment and for the 
construction of a vacuum building; in other words, a 
central vacuum building that would be available if 
containment failed in any one of the four reactors that 
were licensed in the first instance. So the beginnings of 
the vacuum building, which is still unique to Ontario 
Hydro—nobody else has it, to my knowledge—were the 
anxieties of the board about the fact that there was only 
one shut-down system in the Pickering “A” units. 


When Hydro applied for licences to operate at Bruce, 
and then subsequently again at Pickering “B”, the board 
insisted that there be a second shut-down system of an 
entirely independent kind. It is in fact the system that 
injects gadolinium nitrate into the moderator and shuts 
the neutron flux off by a quite independent method. You 
must have seen this if you were at Bruce. 


The Chairman: It is a poison. 


Dr. Hare: That is right. The word “poison” is often 
used. 


With this they maintained their demand for a vacuum 
building but somewhat lowered their requirements for the 
concrete containment, since it was felt that with two shut- 
down systems it was a much more remote possibility that 
there would be a serious failure at Bruce. So the 
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Aussi, vers la fin des années 1950 et au début des 
années 1960, lorsque le programme CANDU du Canada 
était en cours de préparation. ceux qui en étaient 
responsables, et en particulier George Lund, homme clef 
de ce programme, ont décidé que les systemes d’arrét 
prévus devaient étre indépendants, variés, ne pas dépendre 
de lopérateur et arréter toute réactivité quelques instants 
aprés la moindre erreur décelée dans le fonctionnement 
du réacteur. 


Lorsque le premier de ces réacteurs a été installé par 
Hydro-Ontario a Rolphton, avec la participation de 
General Electric, et a Douglas Point, ils étaient tous deux 
relativement éloignés. Des systemes d’arrét avaient été 
installés, qui ressemblent beaucoup aux systémes d’arrét 
actuels. Mais a l’€poque, cette question n’avait pas retenu 
autant Vintéret que lorsque Hydro-Ontario a décidé de 
construire la centrale nucléaire de Pickering, car 
Pickering se trouvait dans la banlieue-est de Toronto. 


Ainsi, s’inspirant de l’expérience acquise, le systéme 
d’arrét qui a été installé prévoyait que des barres d’arrét 
glisseraient dans le réacteur automatiquement en cas de 
panne. Ce serait automatique et ne dépendrait pas de 


Vopérateur. C’est ainsi que la CCEA a accordé au 
constructeur un permis d’exploitation, méme si la 
Commission avait des doutes a ce sujet. Ce qui 


Vinquiétait, c’est que la centrale était trés proche de 
Toronto et qu’elle était construite trés rapidement. 


Certains ont dit qu’un systeme d’arrét de secours 
devrait étre installé. Mais comme les plans ne le 
prévoyaient pas, la Commission a demandé qu'une aire de 
confinement plus stricte soit installee et qu’un batiment 
sous vide soit construit; autrement dit, un batiment 
central sous vide, au cas ou le confinement ne se ferait pas 
dans un des quatre réacteurs dont la construction avait été 
autorisée. C’est ainsi que ce batiment sous vide, unique a 
Hydro-Ontario—personne n’en a construit d’autre, a ma 
connaissance—a été construit pour répondre a la crainte 
de la Commission, qui s’inquiétait que la centrale 
Pickering «A» ne comporte qu’un seul systeme d’arrét. 


Lorsque Hydro-Ontario a demandé a la Commission 
un permis pour construire la centrale nucléaire de Bruce, 
et ensuite la centrale Pickering «B», la Commission a 
alors insisté pour que soit installé un systéme d’arrét de 
secours de type entiérement indépendant. D’aprés ce 
systeme, du nitrate de gadolinium est injecté dans le 
modeérateur, et le flux de neutron est arrété de fagon tout 
a fait indépendante. Vous avez du le voir lorsque vous 
avez visité la centrale nucléaire de Bruce. 


La présidente: C’est un poison. 


M. Hare: Vous avez raison, ce mot revient souvent. 


La Commission a exigé de nouveau qu’un batiment 
sous vide soit construit tout en assouplissant les mesures 
qu’elle avait imposees au confinement sous ciment; elle 
estimait en effet que les risques de panne sérieuse a la 
centrale mnucleaire de Bruce seraient peu _ élevés 


47 : 38 


Energy, Mines and Resources 


16-6-1988 


| Text| 


subsequent stations have all had these two shut-down 
systems, which are tested continually. They have had an 
excellent record in recent years. There is a detailed 
analaysis of all the accidental shut-downs and so on that 
have taken place in the appendix volume here, if the 
committee cares to examine them. 


° 1400 


In a nutshell then, it has been a process that has grown 
by negotiation between Hydro and the control board, 
which was brought into high focus by the decision to 
make the first station in the outskirts of Toronto. 


The Chairman: Go ahead. I will not interject now. 
Sorry, Dean. 


Mr. Clay: We were probably going to ask the same 
question. This does lead on to something we had 
discussed. Do you have any views on the advisability of 
constructing nuclear generating stations near major 
population centres? 


Dr. Hare: I do not make a recommendation of this but 
in the report there is a sentence—it is in one of the 
annexes—which expresses my opinion about it. It is that it 
is wiser to build these stations in remote situations, 
because in the event that you have to evacuate, it does not 
make sense to have to evacuate Metropolitan Toronto. 
You could not evacuate Metropolitan Toronto. So it is 
just nonsense to put these stations near major 
concentrations of population. They should never have 
been built where they were built. The Darlington and 
Pickering sites bring up problems that could have been 
avoided if people had been thinking along different lines. 


The Chairman: Compared with Bruce. 
Dr. Hare: Bruce is ideal. 
The Chairman: Yes. 


Mr. Clay: Of course, the Mississauga rail disaster 
highlighted that with the evacuation of 250,000 people. 


Dr. Hare: That is it. I do not find any villains in this, 
however. The people who made these decisions will point 
out to you that the decision was taken in order to 
minimize cost. One of our intervenors referred to this as 
the cupidity of Ontario Hydro, but Ontario Hydro is us in 
the sense that it is a publicly owned corporation and the 
minimization of cost is part therefore of a sort of public 
effort in this thing. [ still think it would have been a 
damned sight better to pay an extra couple of cents on my 
bill and put the thing somewhere where the evacuation 
phenomenon would not have presented the problems it 
does for Pickering and will later for Darlington. 


Mr. Clay: To your knowlege, was the reason for the 
utility locating Pickering and Darlington so close to 
Toronto simply to reduce the transmission distance, the 
cost of the lines and the line losses? 


| Translation| 

puisqu’elle disposait de deux systémes d’arrét. Depuis lors, 
toutes les centrales nucléaires construites disposent de ces 
deux systémes d’arrét, qui sont testés réguliérement. I] n’y 
a pas eu d’accident au cours des derniéres années. Si cela 
vous intéresse, vous trouverez en annexe une analyse 
détaillée de tous les arréts accidentels qui ont eu lieu. 


En un mot, cette procédure a vu le jour grace aux 
négociations entre Hydro et la commission de contrdle, et 
on en a beaucoup parlé a cause de la décision visant a 
construire la premiére centrale dans la banlieue de 
Toronto. 


La présidente: Allez-y. Je ne vous interromprai plus. 
Désolé, Dean. 


M. Clay: Nous allions sans doute poser la méme 
question. Cela nous améne a une question dont nous 
avons discuté. A votre avis, est-il sage de construire des 
centrales nucléaires pres des grands centres urbains? 


M. Hare: Ce n’est pas ce que je recommande, mais dans 
le rapport, ou plutdt dans l’une des annexes, il y a une 
phrase qui exprime mon opinion 4a ce sujet. Il vaut mieux, 
selon moi, construire ces centrales dans des endroits 
éloignés, parce que en cas d’évacuation, il serait absurde 
de devoir évacuer toute la région mé€tropolitaine de 
Toronto. Ce serait impossible. [1 est donc absurde 
d’installer ces centrales prés des grands centres de 
population. Ces installations n’auraient jamais dd étre 
construites a ces endroits. Les sites de Darlington et de 
Pickering causent des problémes que l’on aurait pu éviter 
si les gens avaient refléchi un peu plus. 


La présidente: Par rapport a Bruce. 
M. Hare: Bruce est un site idéal. 
La présidente: En effet. 


M. Clay: Bien sdr, la catastrophe ferroviaire de 
Mississauga a fait ressortir le probleme puisqu’il a fallu 
évacuer 250,000 personnes. 


M. Hare: Exactement. [I n’y a pourtant aucun coupable 
en l’occurrence, a mon avis. Les gens qui ont pris ces 
décisions vous préciseront qu’ils cherchaient avant tout a 
limiter les coats. L’un de nos intervenants a parlé de la 
cupidité de Hydro-Ontario, mais cette entreprise nous 
appartient, d’une_ certaine facgon, puisqu’elle est 
nationalisée et que tout le monde veut réduire les frais au 
maximum. Je continue a penser qu’il aurait mieux valu 
que ma facture soit un peu plus élevée et que la centrale 
soit installée a4 un endroit ou l’évacutation n’aurait pas 
posé de probleme comme ceux qui se posent a Pickering a 
Vheure actuelle et se poseront plus tard a Darlington. 


M. Clay: A votre connaissance, a-t-on décidé de choisir 
les sites de Pickering et de Darlington qui sont si proches 
de Toronto uniquement pour réduire la distance de 
transmission de l’énergie, le cout des lignes et les pertes 
relatives a celles-ci? 
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Dr. Hare: That is what I have been informed, but [ am 
not privy to what really went on. I was not doing 
historical research, like my colleague, Bothwell. I was 
trying to get at the present situation. But my 
understanding is this was cost minimization, from which 
point of view it makes a great deal of sense. You have to 
remember, too, that Hydro has a heck of a time getting 
permission to build a new transmission line. 


The Chairman: That is exactly what I was going to 
bring up from Bruce. 


Mr. Clay: I will just pose one more short technical 
question and then Mr. Harris would like to ask you a 
different type of question. Just returning to the safety 
systems for a moment, what was the reason that a 
moderator dump was included in some reactor systems 
but not in others? 


Dr. Hare: The moderator dump went into Pickering 
“A” because it was a very convenient way of shutting 
down the reactor. Don Hurst, the former president of 
AECB, refers to Pickering having one and a half shut- 
down systems because the moderator dump is a very 
effective way of stopping the reaction. However, it takes 
some seconds to become effective and it is the first five 
seconds that matter in a nuclear accident and it is not 
effective then. It would not be effective in controlling 
LOCA events. For that reason, and the much more 
compelling reason that the moderator serves a useful 
purpose as a heat sink if it remains where it is, that in 
subsequent reactors they have not equipped it. They want 
to keep the moderator there to serve as a heat sink and it 
seemed to me to be good logic. 


You understand, you are talking to a person who knew 
not a damned thing about this 15 months ago. I have had 
to educate myself. You really ought to be asking these 
questions of the experts who actually built these things. 


The Chairman: You are certainly a tremendous 
resource of information and you are talking to somebody 
who knew nothing about it as well, but I cannot match 
your— 


Dr. Hare: I was once described as the greatest master of 
the inaccurate biblical quotation living. 


The Chairman: That is good. Do you have any more, 
Dean? 


Mr. Clay: No. Thank you, Dr. Hare. 
The Chairman: Mr. Harris. 


Mr. Lawrence Harris (Consultant to the Committee): 
Dr. Hare, I feel obliged to declare my membership in the 
club of untrained scientific people, but it is certainly a 
very great opportunity to ask some questions of you. 
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M. Hare: C'est ce que l’on m’a dit, mais je ne sais pas 
ce qui s’est vraiment passé. Je n’ai pas fait de recherche, 
comme mon collegue Bothwell. Je voulais voir ce qu'il en 
était a  heure actuelle. Toutefois, d’aprés mes 
renseignements, la reduction des couts a été l’objectif 
principal, ce qui me parait tout a fait logique. Il ne faut 
pas Oublier non plus que Hydro-Ontario a beaucoup de 
mal a obtenir l’autorisation de construire une nouvelle 
ligne de transmission. 


La présidente: C’est exactement ce que je voulais dire 
au sujet de l’installation de Bruce. 


M. Clay: Je voudrais poser briévement une autre 
question technique, et M. Harris aura une question 
différente a vous poser. Pour en revenir pendant quelques 
instants sur le systeme de sécurité, pour quelles raisons a-t- 
on installé une décharge de modérateur dans certains 
réacteurs, mais pas dans d’autres? 


M. Hare: L’installation Pickering A a été dotée d’une 
décharge de modérateur parce que c’était un moyen trés 
commode de fermer le réacteur. Don Hurst, ancien 
président de la CEAC, prétend que la centrale de 
Pickering a un systeme et demi de fermeture puisque la 
décharge de modérateur est une fagon trés efficace 
d’arréter la réaction. Cependant, il faut quelques secondes 
pour que l’effet se produise, et ce sont les cinq premiéres 
secondes qui importent dans un incident nucléaire, et ce 
systeme n'est pas efficace au cours de cette bréve période. 
Il ne permettrait pas de contréler les cas d’A.P.R.P. Pour 
cette raison, et surtout parce que le modérateur est utile 
en tant que bassin de refroidissement s’il reste ou il est, les 
autres réacteurs n’ont pas été dotés de ce systeme. On a 
voulu maintenir le modérateur la ou il se trouve pour 
qu’il serve de bassin de refroidissement, ce qui me semble 
tout a fait logique. 


Comprenez-moi, vous vous adressez a une personne 
qui ne connaissait rien dans ce domaine il y a encore 15 
mois. J’ai dd m’informer tout seul. Vous devriez poser ces 
questions aux experts qui Ont construit ces installations. 


La présidente: Vous étes sans nul doute une source 
d’information extraordinaire et vous vous adressez a 
quelqu’un qui ne connaissait rien a ce sujet non plus, 
mais je ne puis égaler votre. . . 


M. Hare: On a dit un jour de moi que j’étais le plus 
grand spécialiste qui soit de la citation biblique inexacte. 


La présidente: C’est bien. Avez-vous quelque chose a 
ajouter, Dean? 


M. Clay: Non, merci, monsieur Hare. 
La presidente: Monsieur Harris. 


M. Lawrence Harris (conseiller auprés du Comité): 
Monsieur Hare, je me sens obligé d’avouer que je fais 
partie du club des scientifiques mais sans formation, je 
suis pourtant tres heureux de pouvoir vous poser quelques 
questions. 
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My interests are more in the area of regulation and the 
financial spheres. [ understood you to say that, because of 
the technical complexity of the CANDU design, you feel 
that it is unlikely or almost impossible to expect that 
there would be a significant CANDU sale to a large 
nuclear-committed country. Is that an across-the-board 
statement, Or can you see circumstances where, for 
financial reasons, AECL would be able to look forward to 
sales in nuclear-committed countries soon? 


Dr. Hare: I see no reason why a country that has not 
already made some kind of decision, does not have to 
choose, should not still want to buy a CANDU if that is 
what seems to be the way to go. CANDU reactors have a 
great deal going for them if you can afford the initial cost, 
and I suspect that this country would be very anxious to 
provide adequate credit to any such country. 


The problem lies somewhat elsewhere. If you buy a 
pressurized water reactor, then the manufacturer will 
provide you in effect with all you need to get past your 
own regulating body. They will take on the job of getting 
past the regulating body. I do not think AECL has ever 
had the resources to be able to do that. Westinghouse 
have, and Westinghouse have been superbly good 
salesmen of their own products because they say in effect: 
do not worry about the regulators; we will fix them—not 
by bribery, because you certainly could not bribe the 
nuclear installations inspectorate, but by providing. . . 
The work is not done by CEGB to the same extent that it 
would be if they had put in our kind of reactor. So, 
because Our reactor is so very special, virtually none of 
the work is transferable from the other technology. So we 
have to compete right up in front with salesmanship that 
includes the ability to answer all the questions the 
regulating body is likely to think of. 


Mr. L. Harris: How large a task is that, and could you 
mention specific countries or buyers where, if that type of 
package were presented by AECL, there might be a high 
commercial probability? 


Dr. Hare: I am really, obviously, out of my depth. The 
Japanese could do it obviously, but the Japanese have 
preferred to go to Babcock and Wilcox and Westinghouse. 
I think the Japanese enjoy the sensation of finding 
something from the United States they want to buy. There 
is another reason, in other words, why they would go to 
an American outfit. 


A country such as Romania, which is starting from 
scratch and for a variety of reasons does not want to buy 
Soviet technology, is in a special position, and Romania 
in fact did buy the CANDU technology, though they 
unfortunately undertook to build it themselves, which was 
from their point of view a disaster. It should have been 
built by Canadian engineers. If it had then it would be 
fully operational by now. In that case, squaring the 
regulator was no great problem. 


| Translation | 


Je mintéresse davantage a la réglementation et aux 
domaines financiers. J'ai cru vous entendre dire qu’étant 
donné la complexité technique du reacteur CANDU, il est 
peu probable, voire impossible, d’esperer une vente 
importante de ce réacteur a un grand pays nucleéarisé. 
S’agit-il d'une déclaration générale, ou existe-t-il selon 
vous des cas Ou, pour des raisons financieres, !EACL sera 
en mesure d’espérer vendre bientot des réacteurs a 
certains de ces pays? 

M. Hare: Je ne vois pas pourquoi un pays qui n’a pas 
encore pris de décision, qui n’est pas obligé de choisir, 
refuserait toujours d’acheter un réacteur CANDU si c’est 
la meilleure chose a faire. Ces réacteurs présentent de 
nombreuses qualités si on peut se permettre de les 
acheter, et je suppose que notre pays n’hésitera pas a 
offrir un crédit suffisant a tout acheteur éventuel. 


Le probleme n’est pas la. Si l'on achete un réacteur a 
eau sous pression, le fabricant va vous fournir tous les 
éléments neécessaires pour obtenir l’accord de _ votre 
organisme de réglementation. Il se chargera de toutes les 
formalités nécessaires. Je ne pense pas que |EACL ait 
jamais eu les ressources voulues pour le faire. 
Westinghouse les a, et cette société a obtenu d’excellents 
résultats dans la vente de ses produits parce qu’elle peut 
dire a ses clients: ne vous inquiétez pas des responsables 
de la réglementation, nous nous en occupons—non pas 
par la corruption, car il est impossible de corrompre les 
inspecteurs des _ installations nucléaires, mais en 
fournissant... Le CEGB ne fait pas le meme genre de 
travail que s’il avait utilisé notre genre de reacteur. Ainsi, 
puisque notre réacteur est tres spécial, pratiquement 
aucun ~dés*"itravauxes test’ #transtérable. de \Wautre 
technologie. Nous devons donc soutenir la concurrence 
des le départ en faisant preuve d’une compétence de 
vendeur, ce qui inclut l’aptitude a répondre a toutes les 
questions que l’organisme de _ réglementation — est 
susceptible de poser. 


M. L. Harris: Cette tache est-elle vraiment importante, 
et pourriez-vous nous citer des pays ou des acheteurs 
précis avec lesquels, si l EACL faisait ce genre d’offre, elle 
pourrait envisager de réaliser des ventes importantes? 


M. Hare: Cela sort manifestement de mon champ de 
compétence. Le Japon pourrait de toute évidence le faire, 
mais les Japonais ont préféré s’adresser a Babcock et 
Wilcox et a Westinghouse. Le Japon prend un plaisir 
particulier a acheter quelque chose aux Etats-Unis. Il y a 
une autre raison, qui les améne a s’adresser a un 
fournisseur américain. 


Un pays comme la Roumanie, qui commence a zéro et 
qui, pour des raisons diverses, ne veut pas acheter la 
technologie sovietique, se trouve dans une situation 
particuliére; ce pays a effectivement acheté la technologie 
CANDU, meme s’il a malheureusement entrepris de 
construire le réacteur lui-méme, ce qui s’est révelé 
catastrophique a son avis. Le réacteur aurait du étre 
construit par des ingénieurs canadiens. I] serait alors déja 
pleinement opérationnel. Dans ce cas, il n’a pas été 
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For most other countries we were not in time. 
Particularly Westinghouse, but to some extent the boiling 
water reactor people, got in there first with their package 
deals, and we were too slow, I suppose. I have talked to 
Bothewell about this a bit, but you are really talking to an 
amateur when it comes to the salesmanship on this. I have 
never tried to sell a reactor. 


Mr. L. Harris: One reason for posing the question 
again is in the economic realm. Is there, in your eyes or 
from your standpoint, a compelling case to be made to 
subsidize AECL in building a demonstration reactor of a 
smaller scale, maybe a CANDU 300, with the thought in 
mind that if we can prove this is operating and can live 
up to the expectations then it is a much stronger tool for 
making sales? Is that a credible approach the way you see 
things? 


Dr. Hare: If that could be done, for example, in 
Holland in collaboration with the Dutch authorities, I 
think it would. 


Mr. L. Harris: Could you see it being done here in 
Canada? 
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Dr. Hare: It seems to me that all you have to do to sell 
CANDU reactors is to bring people to New Brunswick 
and show them the world’s leading reactor performer, 
Point Lepreau. They operate it with their own crew. It is a 
standing example of what can be done by a new 
administration if that administration is willing to accept 
the assistance of AECL in the first instance and then back 
off. 


I do not see the point of, say, building on the soil of 
outer Mongolia or somewhere to demonstrate something 
when it can be seen by the people concerned right here in 
New Brunswick. I should mention Gentilly-2 in Quebec 
as well, but they might see Gentilly-1, and that would put 
them off permanently. 


Mr. L. Harris: So you see no particular reason to show 
or demonstrate a smaller-scale CANDU. You feel that, for 
that purpose, the present unit at Point Lepreau is 
sufficient. 


Dr. Hare: That is another matter. In the report I do say 
there are many reasons for preferring smaller units. It is 
true I suspect that a CANDU 300 will cost as much as a 
CANDU 600 in terms of the installed shut-down systems, 
or almost as much. You do not save very much from the 
point of view of public safety, which is what this 
document is about. But from the point of view of the 
economies of scale in production, I would have said the 
CANDU 300 would be competitive in many countries and 
in many situations with the power they are now 
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difficile de 
réglementation. 


convaincre les  responsables de la 


Pour la plupart des autres pays, nous nétions pas dans 
les temps. Westinghouse en particulier, mais dans une 
certaine mesure les fabricants de réacteurs a eau 
bouillante aussi, sont arrivés les premiers en offrant leurs 
contrats globaux, et nous avons trop trainé, je suppose. 
J’en ai parle un peu a Bothewell, mais en matiére de 
vente de réacteurs, je suis véritablement un amateur. Je 
n’ai jamais essayé de vendre un réacteur. 


M. L. Harris: Ma question que je réepéte, est d’ordre 
économique. Existe-t-il, a votre avis, de bonnes raisons de 
subventionner lEACL pour la construction d’un réacteur 
modéle a petite échelle, comme un CANDU 300, avec 
Vidée que si nous pouvons prouver quil fonctionne bien 
et quil atteint les objectifs visés, cela contribuera 
considérablement a accroitre nos ventes? Est-ce, d’apres 
vous, une bonne fagon de procéder? 


M. Hare: Si c’était possible, par exemple en Hollande, 
en collaboration avec les autorités hollandaises, je pense 
que oul. 


M. L. Harris: Serait-ce possible au Canada? 


M. Hare: Il me semble que tout ce qu’il faut faire pour 
vendre les réacteurs CANDU, c’est de faire venir les gens 
au Nouveau-Brunswick et leur montrer le réacteur qui a 
le meilleur rendement au monde, celui de Point Lepreau. 
Il y a une €quipe la-bas qui le fait fonctionner. C’est un 
bon exemple de ce qu’une nouvelle administration peut 
faire si cette derniére est préte a accepter l’aide de 1LEACL 
au départ et ensuite a s’en passer. 


Je ne vois pas Vintérét de construire quelque chose en 
Mongolie extérieure Ou quelque part d’autre pour 
démontrer quelque chose qui peut étre constaté ici au 
Nouveau-Brunswick. Je devrais également mentionner la 
centrale Gentilly-2 au Québec, mais il se peut qu’on aille 
voir Gentilly-1, ce qui découragerait tout le monde a tout 
jamais. 


M. L. Harris: Donc vous ne voyez pas d’avantage a faire 
la d€monstration d’un réacteur CANDU plus petit. Vous 
pensez que la centrale de Point Lepreau est suffisante. 


M. Hare: C’est une autre question. Je dis dans le 
rapport qu’il y a bien des raisons pour lequelles les 
centrales plus petites sont préférables. Il est vrai, a mon 
avis, que les systemes d’arrét d'un CANDU 300 couteront 
autant, presque autant, que ceux d’un CANDU 600. II n’y 
a pas beaucoup d’avantages du point de vue de la sécurité 
du public, question qui fait Vobjet de ce rapport. 
Cependant, du point de vue des €conomies d’échelle pour 
ce qui est de la production d’€nergie, je dirais que le 
CANDU 300 serait concurrentiel dans beaucoup de pays 
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producing, from what I see and what my friends in AECL 
now tell me. 


Small is beautiful in my life. I have never liked big 
things, and that it not just a flip remark. I am very 
suspicious of the fact that power now has to be produced 
in 1,000-megawatt batches. I think that is a terrible way to 
produce power. Every time you want to vary the load you 
have to take these huge machines up and down and 
through the sequence. I would prefer to have smaller 
units On many grounds of security. 


Mr. L. Harris: I would like to ask you one final 
question, which is very open-ended. In your experience 
with Ontario Hydro and AECL, can you offer any 
comments as to how costs might be shared, or do you 
have any insight in practical terms as to how AECL’s 
financial outlook could be improved, any practical 
suggestions that might not be so obvious from where we 
sit? 


Dr. Hare: I have no doubt that the costs of the support 
system that is required to run these reactors ought to 
include the cost of all the research and engineering 
facilities needed to keep those reactors efficient and safe, 
in which case the producing utilities ought to pick up the 
whole tab. If there is a case for AECL being financed 
federally in order to sell reactors Overseas as part of this 
country s industrial thrust, so be it. But supposing that is 
not the case, then I can see no case for supposing that the 
federal government ought to go on paying for services that 
benefit certain provinces only. I would put the whole bill 
against Hydro-Québec and New Brunswick once the 
decision is taken that we are not going to be able to export 
this technology elsewhere. 


[ say so in the report. I say so for a very good reason. It 
seems to me, to come back to what we said earlier, 
madam, that there is a danger of a very important subject 
falling between the cracks on this. What matters is the 
safety of the public and the security of their electric 
supply. That is provided by these provincial utilities. The 
public pays for its power through the dues it pays to those 
utilities. 


Ontario Hydro’s revenues this year are $5.3 billion, 
and $2.5 billion come from the use of the CANDU 
reactor. It seems to me there is an adequate basis for 
saying that the Ontario consumer is very well able to pay 
for more of the research that is needed than happens at 
the present time. My friend, Bob Franklin, will kill me 
for saying that, but that is my opinion. 


The Chairman: But on the converse, what is their debt, 
Dean? 


Mr. Clay: It is approximately $25 billion of long-term 
debt. 
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et dans beaucoup de situations, d’aprés ce que j'ai pu 
constater moi-méme et dapres ce que mes amis de 
VEACL me disent maintenant. 


Jai toujours été contre le gigantisme. Je n’ai jamais 
aimé ce qui est grand, et ce n’est pas simplement une 
observation désinvolte. Je me méfie beaucoup du fait qu ‘il 
faut maintenant produire lénergie par lots de 1,000 
mégawatts. Je pense que c'est une facon affreuse de 
produire de l’électricité. Chaque fois qu’on veut varier la 
charge, il faut faire passer ces machines €normes par 
toutes les sequences de fonctions. Je preférerais avoir deux 
centrales plus petites pour beaucoup de raisons de 
sécurité, 

M. L. Harris: J’aimerais vous poser une derniére 
question qui est trés ouverte. D’apres votre expérience 
avec Hydro-Ontario et le !EACL, pourriez-vous nous dire 
comment On pourrait partager les couts. Avez-vous des 
Suggestions pratiques a nous faire sur la fagon d’ameéliorer 
les perspectives financiéres de |’7EACL? Avez-vous des 
Suggestions pratiques a nous faire qui ne sont peut-étre 
pas €évidentes de notre point de vue? 


M. Hare: Je suis convaincu que les couts du systeme de 
soutien qui est nécessaire pour faire fonctionner ces 
réacteurs devraient englober le cout de toutes les 
installations de recherche et de génie nécessaires pour 
s’assurer que les réacteurs sont efficaces et sécuritaires. 
Dans ce cas, les services publics devraient payer toute la 
facture. Si l'on veut que l’EACL regoive du financement 
du gouvernement fédéral afin de vendre des réacteurs a 
’étranger dans le cadre de notre stratégie industrielle, 
qu'il en soit ainsi. Mais ce n’est pas le cas, je ne vois pas 
pourquoi On prendrait pour acquis que le gouvernement 
fédéral devrait continuer de payer des services qui ne 
profitent qu’a certaines provinces. Une fois qu’on décide 
qu’on ne va pas pouvoir vendre cette technologie a 
Vétranger, je ferais payer toute la facture par |!’Hydro- 
Québec et le Nouveau-Brunswick. 


C’est ce que je dis d’ailleurs dans le rapport, et pour de 
tres bonnes raisons. Il me semble, pour en revenir a ce 
qu’on a dit tout a l"heure, madame la présidente, qu’il y a 
danger qu’un sujet tres important passe au travers des 
mailles du filet. Ce qui importe, c’est la sécurité du public 
et la sécurité de son approvisionnement en électricité. 
Lélectricité est fournie par les services publics 
provinciaux. Le public paie son é€lectricité lorsqu’il paie la 
facture envoyés par les services publics. 


Les recettes d’Hydro-Ontario de cette année sont de 5,3 
milliards de dollars, dont 2,5 milliards de dollars 
proviennent de l’utilisation du réacteur CANDU. Il me 
semble qu’on peut prétendre que le consommateur 
Ontarien peut tres bien payer plus de couts de recherche 
qu’a l’heure actuelle. Mon ami, Bob Franklin, va me tuer 
pour avoir dit cela, mais c’est mon opinion. 


La présidente: Mais d’un autre coté, quelle est la dette 
d’Hydro-Ontario, Dean? 


M. Clay: Elle est d’environ 25 milliards de dollars de 
dette a long terme. 
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Dr. Hare: Yes, $25 billion of long-term debt. 


The Chairman: That is pretty staggering. 
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Dr. Hare: It is staggering and it is our doing. 


Collectively it is our doing. 


The Chairman: So you are suggesting then that the 
Operating costs of AECL and their research should fall 
under the responsibility of the utilities in the provinces? 


Dr. Hare: To the extent that it is required for safety 
purposes and for development purposes within the reactor 
systems itself. 


Let us take the pressure tube issue. If there was no 
question at all of our ever being able to sell another 
CANDU reactor outside this country, that problem would 
be just as big as it is now. There are 20 power reactors 
either operating or about to operate here, each one 
containing, On an average, something like 430 pressure 
tubes per reactor. So it is clear to me that $19 million a 
year, which is the direct hydro contribution to that 
particular problem at the present moment, is below what 
is reasonable in the national context. 


The Chairman: Just to wrap it up, obviously safety is 
the number one thing, but a lot more has to be done to 
inform Canadians regarding the acceptable safety of 
nuclear-generated power. I suppose the disposing of the 
spent fuel has to be number one. The Canadian Nuclear 
Association started three months ago an educational series 
of advertising on TV. It will be interesting to see the 
results of this after six months. 


Dr. Hare: Well, I will tell you that it turns me off. I 
think it is being poorly handled. You mentioned The 
Financial Post supplement; nobody proofread it. It is 
shockingly put together. I think they go about it the 
wrong way. [ have told them this. 


The Chairman: What would you suggest, sir? 


Dr. Hare: I do not particularly want to educate the 
public, madam. I recognize that is a shocking thing to say, 
but I am not in the business of educating the public. I am 
very much in the business of educating the technical and 
scientific community who know nothing about these 
reactors. 


It is shocking to me that my own colleagues in the 
learned societies have a massive ignorance about these 
systems. We committed ourselves, more than any other 
political jurisdiction, except France and Belgium, to the 
use of nuclear power, and the scientific and technical 
communities overwhelmingly know next to nothing about 
the technology and its safety. I have found this very 
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M. Hare: Oui, Hydro-Ontario a une dette a long terme 
de 25 milliards de dollars. 


La presidente: C'est assez stupéfiant. 


M. Hare: C'est stupéfiant et, collectivement, nous en 
sommes responsables. 


La présidente: Donc, vous dites que les coits de 
fonctionnement de Il’EACL et les couts de recherche 
devraient étre payés par les services publics provinciaux? 


M. Hare: Dans la mesure ou ces cotts sont nécessaires 
aux fins de la sécurité et aux fins de la mise au point des 
systemes du réacteur lui-méme. 


Prenons la question des tubes de force. Méme si on ne 
pouvait plus vendre d’autres réacteurs a l’étranger, le 
probleme serait tout aussi important qu’en ce moment. II 
y a 20 réacteurs qui fonctionnent déja ou qui sont sur le 
point de fonctionner ici, au Canada, et chacun d’entre 
eux contient en moyenne environ 430 tubes de force. Je 
trouve qu’il est donc évident que 19 millions de dollars, 
qui est la contribution directe que payent les services 
publics pour essayer de régler ce probleme a l|’heure 
actuelle, est en dega d’une contribution raisonnable, 
compte tenu du contexte national. 


La présidente: Pour terminer, il va sans dire que la 
sécurité est la premiére priorité, mais il faut faire 
beaucoup plus d’efforts pour informer les Canadiens au 
sujet du niveau de sécurité acceptable dans le domaine de 
énergie nucléaire. Je suppose que l’élimination du 
combustible irradié est également une _ priorité. 
L’Association nucléaire canadienne a commencé il y a 
trois mois a faire une série d’annonces a la télévision qui 
visent a instruire le public. Il sera intéressant de voir les 
résultats de cette expérience apres six mois. 


M. Hare: Je peux vous dire que je trouve que cette 
campagne n’est pas du tout impressionnante. Je pense que 
c’est tres mal fait. Vous avez parlé de l’encart dans le 
Financial Post. Personne n’a corrigé les épreuves. La 
présentation est extrémement mauvaise. Je pense que 
approche est mauvaise, et j'ai déja dit cela aux 
responsables de cette campagne. 


La présidente: Qu’est-ce que vous proposez, monsieur 
Hare? 


M. Hare: Je ne tiens pas particuliérement a instruire le 
public, madame la présidente. Je sais que cela est assez 
fort, mais ce n’est pas mon réle que d’instruire le public. 
Mon role est plutdt d’instruire les experts techniques et 
scientifiques qui ne savent rien au sujet de ces réacteurs. 


Je trouve inadmissible que mes propres collégues des 
sociétés savantes soient parfaitement ignorants en ce qui 
concerne ces réacteurs. Le Canada s’est engagé, plus que 
tout autre pays, a l’exception de la France et de la 
Belgique, a utiliser l’€nergie nucléaire, mais la vaste 
majorité des experts scientifiques et techniques ne savent 
rien au sujet de cette technologie ni des questions de 
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discouraging. I accuse myself; I did not know what I was 
talking about prior to undertaking this investigation. 


The Chairman: Then would you start at university 
levels? 


Dr. Hare: Yes. 
The Chairman: How would you do this? 


Dr. Hare: Well, I do not know. For one thing I am 
going to challenge my colleagues. I am going to raise this 
matter in a big way through the Royal Society. Almost 
every day I hear somebody in one or other of the learned 
societies or some fellow of a society say something about 
the Canadian reactors which is just not the case. When a 
member of the public does this, I am sorry of course, but 
I do not blame the public in the least. I do not see any 
reason why the public should take a course in nuclear 
physics when it the electric light on. But when a physicist 
or a biologist or a medical scientist says something about 
this technology that is thoroughly misinformed, then I am 
shocked. 


The Chairman: Whose responsibility should that be? 
Should it be the government, or AECB, AECL? 


Dr. Hare: I guess individuals have a lot to do with it. 
People in the learned professions are so willing to express 
themselves strongly about issues that they do not really 
understand. 


The Chairman: It is the same up on the Hill. 


Dr. Hare: It baffles me. I have been doing it now 
because you have asked me to, but I do not go around 
posing as an expert on the nuclear industry. I think there 
is a very real function for people to do what [ have just 
been forced to do; namely, to look at this because I was 
asked to; to deal with it dispassionately; and to try to come 
up with statements that are protective of the public 
interest. 
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But the point is that the more normal reaction is to 
take strong positions, pro or anti some _ technology, 
without first having undertaken that. Having spent a year 
learning exactly how complicated a business this is, | am 
not inclined to do this ever again in any field. I propose 
to keep my mouth tightly shut about things I do not 
understand. 


The Chairman: On that note, we want to extend our 
sincere congratulations on your report. You have 
certainly done an excellent job. I hope some of your 
colleagues in your profession, in your field of expertise, 
will heed your words and learn a bit more. 
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sécurité. J’ai trouvé cela tres décourageant. Je m’accuse 
personnellement. Je ne savais pas de quoi je parlais avant 
de faire mon étude. 


La présidente: Vous commenceriez par les universités? 


M. Hare: Out. 
La présidente: Comment procéderiez-vous? 


M. Hare: Je ne le sais pas. Je sais, cependant, que je 
vais lancer un défi a mes collegues. Je vais soulever cette 
question par l’entremise de la Société royale. Presque tous 
les jours, quelqu’un de telle ou telle société savante ou un 
membre d’une société quelconque dit quelque chose de 
faux au sujet des réacteurs canadiens. Lorsqu’un profane 
le fait, je le regrette, bien entendu, mais je ne le blame 
pas. Je ne vois pas pourquoi le profane devrait suivre un 
cours de physique nucléaire lorsquil ouvre la lumieére. 
Cependant, lorsqu’un physicien ou un biologiste ou un 
scientifique médical dit quelque chose de faux au sujet de 
cette technologie, je suis navré. 


La_ présidente: Est-ce que cela devrait étre la 
responsabilité du gouvernement, de la CCEA ou de 
PEACL? 


M. Hare: Je pense qu’en grande partie, cest la 
responsabilité des gens qui font partie de ces sociétés 
savantes. Ils ont tellement tendance a se prononcer 
catégoriquement sur des questions qu’ils ne comprennent 
pas vraiment. 


La présidente: C’est la méme chose sur la colline du 
Parlement. 


M. Hare: Cela me laisse perplexe. Moi, je me prononce 
catégoriquement parce que vous m/avez demandé de le 
faire, mais je ne prétends pas étre expert en matiére 
d’industrie nucléaire. Je pense qu il est nécessaire que les 
gens fassent ce que je viens détre obligé de faire; 
c’est-a-dire examiner toute cette question avec calme et 
essayer de faire des recommandations qui visent la 
protection de l’intérét public. 


Cependant, je tiens a souligner le fait que la réaction 
plus normale est de prendre des positions trés fermes 
pour ou contre une technologie donnée sans avoir fait ce 
genre d’étude. Apres avoir passé une année a apprendre la 
complexité de cette question, j’hésiterais a le refaire dans 
un autre domaine. J'ai l’intention de ne pas me 
prononcer sur les questions que je ne comprends pas. 


La présidente: Sur ce, nous voulons vous féliciter 
sincerement de votre rapport. Vous avez fait un travail 
excellent. J’espere que certains de vos collegues dans ce 
domaine vous €couteront pour en apprendre un peu plus. 
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As I said, we have been studying nuclear power for Comme je vous lai dit, nous étudions lénergie 
about nine or ten months now, and we share your nucléaire depuis environ neuf ou dix mois, nous 


concerns and a lot of your recommendations. 


On behalf of my colleagues, I want to thank you for 
coming to Ottawa today and spending a couple of hours 
with us. 


Dr. Hare: Thank you, Madam Chairman. 
The Chairman: This meeting is adjourned. 


partageons vos craintes et nous sommes d’accord avec 
beaucoup de vos recommandations. 


Au nom de mes collegues, je tiens a vous remercier 
d’étre venu a Ottawa aujourd’hui et d’avoir passé 
quelques heures avec nous. 


M. Hare: Merci, madame la présidente. 
La présidente: La séance est levée. 
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Foreword 


In September of 1987, this Committee issued a report entitled Oi! — Scarcity or 
Security? (Canada, House of Commons, Standing Committee on Energy, Mines and 
Resources, 1987) which presented the results of a year-long study of the future 
availability of conventional light crude oil. The report observed that Canada's output of 
conventional light oil will fall substantially in the future, with that decline to be offset 
either by rising imports of light crude or by a costly investment in the extraction and 
upgrading facilities needed to exploit Canada's large bitumen resource contained in 
the oil sands of Alberta. The development of frontier Canadian oil deposits was seen 
as offsetting only part of the decline in Western Canadian light crude production. 


The study documented the growing shortfall in U.S. crude oil production 
relative to domestic consumption, a shortfall which raises serious concerns about U.S. 
national security. The report also examined the global distribution of recoverable 
petroleum resources, observing that the easily and inexpensively produced light 
hydrocarbons — light crude oil and natural gas — are concentrated in the Eastern 
Hemisphere (crude oil in the Persian Gulf and natural gas in the Soviet Union) while 
the hard to produce and costly to upgrade heavy hydrocarbon resources — heavy 
crude oil, bitumen and shale oil — are concentrated in the Western Hemisphere (heavy 
oil in Venezuela, bitumen in Canada and shale oil in the United States). Almost all of 
the world's current 10 million barrels/day surplus in oil-producing capacity is in OPEC 
and two-thirds of that surplus is in turn held by Persian Gulf producers. The principal 
finding of this study was that the stage is being set for yet another, more profound 
disruption in the international supply of light crude oil some years in the future. 


In view of this finding and given rising concern about the environmental impact 
of fossil fuel use, the Committee decided to investigate a component of Canada's 
energy system which has attracted public debate but no comprehensive review by 
Parliament. Committee members agreed that a retrospective and prospective look at 
nuclear power development in Canada was warranted. This report presents the results 
of that examination. 


Over the last 45 years, the scientific and engineering achievement of 
harnessing the nuclear chain reaction has been transformed in Canada into a unique 
reactor system with the world's best lifetime operating record. Despite this engineering 
success, Canada's nuclear power program continues to be challenged on various 
grounds. Public concern about reactor safety and environmental contamination was 
sharpened first by the 1979 Three Mile Island incident in the United States and then by 
the 1986 Chernobyl accident in the Soviet Union. Questions regarding the economic 
viability of nuclear-electric power generation are regularly raised. The Standing 
Committee on Energy, Mines and Resources therefore adopted the following mandate 
under Standing Order 96(2): 


That the Committee conduct an examination of the economics of 
Canadian nuclear power and any matters pertaining thereto. 


The study was begun in November 1987 with public hearings in Ottawa. The 
Committee soon realized that hearings alone would provide an insufficient basis on 
which to make recommendations in this complex field. Accordingly, the Committee 
supplemented its public meetings with visits to selected nuclear installations in 
Canada and with travel to Sweden, West Germany, France and the United States to 
examine the nuclear power programs of those nations in more detail. The cooperation 
which the Committee received during this travel allowed it to assemble information and 
gain impressions which would not otherwise have been available to it. 


The Committee concentrated its investigation on the technical and economic 
aspects of Canadian nuclear development, including the nuclear-electric power 
program, the production of radionuclides for both medical and industrial applications, 
and the development of certain related technologies. These activities are interrelated 
and the Committee decided that they should be considered as aspects of the same 
issue. Other committees of the House of Commons have primary responsibility for 
studying environmental and health matters, so these elements of the nuclear question 
are referred to in less detail in this report. 


The Committee presents 14 recommendations arising from its study. These are 
included in the section entitled Summary and Recommendations, which follows this 
Foreword. Dissenting statements by two of the Committee members are presented in 
Appendix A. 


Many individuals and organizations assisted the Committee in its work, both 
within Canada and in the four countries visited by the Committee as part of this study. 
To those who shared their time and views with Committee members and staff, we are 
particularly grateful. Witnesses who appeared in public hearings are listed in Appendix 
B; those who contributed to the Committee's investigation during its travel are listed in 
Appendix C. The Department of External Affairs did a remarkable job of arranging the 
foreign travel on short notice. 


The Committee also depended upon the abilities of its staff: on Dean Clay and 
Lawrence Harris of Dean Clay Associates for their consulting work; on the Committee 
Clerk, Eugene Morawski, and other staff from the House of Commons; on Diane 
Gagnon-Beaupré, Lucie S. Pilon and Georges Royer who prepared the French 
manuscript; and on the translators, who were faced with a demanding job. 


Given the technical nature of nuclear development and the specialized 
terminology used by its practitioners, a list of abbreviations and acronyms is contained 
in Appendix D and a glossary in Appendix E. The report is extensively referenced 
because the subject of nuclear power is complex and because unfamiliar foreign 
sources of information were used in its preparation. 


Summary and Recommendations 


In the closing years of the twentieth century, global society has reached what 
one author has described as the "hinge of history". The increasing human population 
(estimated to have surpassed five billion in 1987), the massive shift to an urbanized 
pattern of human settlement and the continuing demand by all peoples for a higher 
standard of living are placing unprecedented stresses on our planet. Examples of 
environmental degradation have become so commonplace that reaction is difficult. 
What are the priorities for action? What are the consequences of not acting? What are 
the costs of remedial action? How can society better anticipate the environmental 
impact of various forms of development? 


This Committee believes that some of the most profoundly disturbing aspects of 
environmental contamination are linked to society's growing exploitation of the Earth's 
energy resources. The emission of acid gases and of carbon dioxide to the 
atmosphere — both a product of the combustion of fossil fuels — are prime examples of 
contamination which is exceedingly difficult and costly to prevent. (1) 


What society does in the remainder of this century to address these issues will 
fundamentally affect the quality of life that mankind will experience in the next century. 
Energy plays a pivotal role in determining this outcome — it is both part of the problem 
and part of the solution. All human activity depends upon the availability of energy in its 
various forms; all human exploitation of energy comes with its particular set of 
environmental consequences. 


Although this study of nuclear development in Canada has had technical and 
economic issues as its primary focus, these broader environmental and social issues 
have coloured the Committee's thinking about the future contribution of nuclear power, 
within Canada and abroad. 


The Committee wishes to make its position clear from the beginning: 
maintaining the nuclear power option is vital to Canada's interests, as it is vital to the 
interests of society in general. There is a compelling case to be made in support of 
continued nuclear development, a case based upon the future inadequacy of 
conventional petroleum resources and upon the environmental degradation arising 
from burning coal in progressively greater quantities for electricity generation. 
Unfortunately, in Canada neither the federal government nor the nuclear industry has 
articulated that case very well over the years and the public attitude has become 
ambivalent. 


(1) When this report speaks of environmental contamination, it is referring to man-made contaminants, 
not to natural geochemical cycles which may already involve the same substances. Volcanic eruptions 
can inject sulphur dioxide into the atmosphere, for example, and carbon dioxide is a natural 
constituent of air. Of concern here is that society's activities have reached a scale where natural 
chemical cycles are being modified so extensively that the welfare of the human race is threatened. 


The Committee's support for nuclear development is not uncritical — there are 
shortcomings in the Canadian nuclear program and there are problems inherent in the 
application of atomic energy. These must be weighed against the consequences of 
other forms of energy development, development which must satisfy diverse economic, 
social, environmental, strategic and technical ends. It is essential that such decisions 
and trade-offs be made by a well-informed public. 


The onus of explaining nuclear power does not lie only with its proponents — 
opponents of nuclear power must also address difficult questions. Will the public and 
the environment be better protected by irretrievably dispersing huge quantities of 
sulphur dioxide, nitrogen oxides, carbon dioxide and other contaminants into the 
atmosphere, or by isolating relatively small quantities of radioactive wastes 
underground? What are the longer-term energy options open to society if nuclear 
fission is not exploited? How does one justify abandoning the huge investment in 
nuclear power and where will the resources come from to replace it with another form 
of generating capacity? What would Ontario substitute for the 50% of its electricity that 
it already derives from nuclear reactors? 


The nuclear debate has been too narrowly focussed in Canada. It is not simply 
a question of whether to continue generating electricity with nuclear reactors. It is also 
a question of diminishing alternatives in electricity production, of the environmental 
consequences of not using atomic energy, of national energy security, of acquired 
scientific and engineering expertise, of spin-off technologies, and of employment for 
many Canadians. 


As conventional oil and gas reserves are depleted and as the prime remaining 
sites for hydro-electric development are exploited, atomic energy will be increasingly 
looked to as an alternative means of producing electricity. The 1973-74 oil embargo 
educated Eastern Canadians about the danger of depending too heaviiy on imported 
oil for such purposes as electrical generation. Nuclear power is an economically 
attractive way of generating electricity today in certain parts of Canada, and in 
numerous countries which lack Canada's diversity in energy resources. 


The environmental impact of burning larger amounts of fossil fuel, especially 
coal, to generate electricity has become alarming. Research is revealing the 
magnitude of the public health hazard, the enormous economic costs and the 
environmental destruction resulting from acid gas emissions from fossil-fuelled power 
plants. The implications of carbon dioxide accumulation in the Earth's atmosphere — an 
unavoidable accompaniment to fossil fuel combustion — are being studied intensively 
and the potential for disruptive climatic change is evident. Set against these concerns, 
the Committee finds nuclear power to be an environmentally appealing technology. 


Nuclear power improves the security of energy supply in Canada, as most 
elements of our nuclear power program can be domestically supplied. Moreover, a 
substantial portion of Canada's research and development (R&D) capability is 
associated with the nuclear enterprise. Canada is not so well endowed with scientific 


and engineering resources that it can afford to lose the pool of talent and the R&D 
facilities represented by our nuclear institutions. 


There is an industry of almost 30,000 people whose employment is a direct 
consequence of Canadian nuclear development. This industry supports a domestically 
developed reactor system whose operating record continues to set the international 
standard among all reactor systems. Canada is the world leader in applying 
radionuclides to medical therapy; radiotherapy has prolonged the lives of millions of 
people in countries around the world. Canada is also in the forefront of radiation 
technology for industrial applications and in extending this technology to food 
irradiation, to wastewater treatment and to the sterilization of sludges containing 
disease-producing organisms. The Canadian nuclear program has also created 
technologies with application in non-nuclear fields, from screening individuals for their 
susceptibility to cancer to designing new O-rings for the U.S. shuttle launch vehicle. 
Quality assurance and quality control standards which Canadian manufacturers have 
had to develop as suppliers to the nuclear program have carried over to other product 
lines and strengthened the competitive position of Canadian companies. 


Maintaining the nuclear option means ensuring that all parts of the enterprise 
are kept healthy — the federal component, led by Atomic Energy of Canada Limited 
(AECL) and the Atomic Energy Control Board (AECB); the provincial electric utilities 
that employ nuclear power generation; the private sector which provides the mining, 
processing, manufacturing and other support; and Canadian universities and colleges 
which supply professional and skilled personnel. 


AECL is the federal crown corporation that promotes the use of nuclear energy. 
This corporation is composed of four divisions: (1) The Research Company which 
performs research, development and demonstration (R,D&D); (2) CANDU Operations 
which designs, constructs and markets CANDU nuclear reactors and which provides 
engineering services; (3) the Radiochemical Company which produces radionuclides 
for medical and industrial applications, and manufactures commercial and industrial 
irradiation equipment; and (4) the Medical Products Division which produces 
radiotherapy equipment. 


AECB is the federal regulatory agency that controls the development, 
application and use of atomic energy in Canada, from the generation of electricity at 
power reactors through industrial radiography to the use of cobalt—60 in cancer 
treatment. AECB also participates on behalf of Canada in international measures of 
control. These measures include programs to prevent the proliferation of nuclear 
weapons through the diversion of nuclear materials. 


Three provincial utilities operate power reactors today. They are Ontario Hydro 
in a program that now accounts for half of all the electricity generated in the province, 
Hydro-Québec and the New Brunswick Electric Power Commission. Despite this 
incorporation of nuclear generation into three electrical utility systems of central and 
eastern Canada, nuclear power is not economically competitive with coal-fired or 


hydro-electric generation in all circumstances and in all regions of the country. In 
Alberta, for example, coal-fired generating plants located beside open-pit coal mines 
can produce electricity at a cost which nuclear plants simply cannot match. Given that 
coal firing will continue in some regions for the foreseeable future, it is particularly 
important that coal combustion technologies such as those described to the Committee 
by TransAlta Utilities be commercially deployed as rapidly as feasible, to minimize the 
environmental impact. 


Canada holds extensive reserves of uranium and Saskatchewan's deposits are 
among the richest found anywhere. Uranium is mined in Ontario and Saskatchewan, 
and Canada exports more of this commodity than any other country. With uranium 
processing and reactor fuel fabrication also done domestically, Canada has 
established all of the steps in the nuclear fuel cycle needed to support the CANDU 
reactor system. 


Despite this prominent position in the world nuclear industry, an adequate 
supply of professional and technical workers for the nuclear industry is not assured in 
Canada, as enrollment in nuclear-related educational programs continues to decline. 


While supporting Canadian nuclear development in general, the Committee 
recognizes that there are deficiencies in specific aspects of that development. This 
report identifies a number of those deficiencies and makes recommendations 
addressing them. These recommendations are presented in the remainder of this 
section. 


One of the Committee's foremost concerns is with the domestic program of 
radioactive waste management. Intensely radioactive materials are created in the 
course of nuclear-electric power production. In Canada, these high-level radioactive 
wastes take the form of irradiated uranium fuel bundles, currently being stored at each 
reactor site. Although storing spent fuel in water-filled concrete bays is quite 
satisfactory for a period of decades, the spent fuel must ultimately be disposed of in 
some final repository. This also applies to reprocessing wastes should Canada decide 
to recycle its irradiated fuel into new reactor fuel. 


The Committee concludes that the concept of siting a final repository deep 
within a stable geological formation is an appropriate approach for Canada to take. 
Comparable work being carried out in other countries, especially in Sweden where the 
disposal program has many parallels with that of Canada, reinforces this conclusion. 
Yet public concern over radioactive waste management is perhaps the greatest single 
threat to the Canadian nuclear program. The public is not reassured when the 
deadline for concept verification is allowed to slip by a decade since the joint 
federal-Ontario radioactive waste management program was launched in 1978. 


In the Committee's opinion, the schedule for the disposal component of the 
radioactive waste management program — which is a federal responsibility — must be 
advanced in Canada, not because the present methods of storing high-level 


radioactive wastes are inadequate or inappropriate or unsafe, but to strengthen public 
confidence that the longer-term issue of disposal is being satisfactorily resolved. In 
particular, the disposal program through the concept verification and site 
selection/acquisition phases must be completed more quickly so that the public can be 
assured that both a means and a location for waste disposal have been identified. The 
Committee recognizes that expediting the high-level waste management program 
requires increased levels of funding in the short run. This is a modest price to pay for 
establishing such a critical component of the Canadian nuclear power program. 


1. The Committee recommends that the complete schedule for establishing a 
commercial, high-level radioactive waste repository be advanced, and that the 
additional funds necessary to expedite the program be made available by the 
Government of Canada. 


To monitor progress on this matter, the Committee directs the Atomic Energy 
Control Board to appear before it no later than June 30, 1989 and, in public testimony, 
present a revised timetable for establishing a disposal facility and a thorough 
description of the parameters by which the suitability of a site for the facility will be 
judged and the design and construction of the facility licensed. The Committee 
acknowledges that Atomic Energy of Canada Limited has established this timetable in 
the past but concludes that the program scheduling in future should be overseen by 
the regulatory agency. AECB must, of course, consult with AECL to ensure that the 
accelerated program is technically feasible. AECB must also allow sufficient time for 
the recently-announced Federal Environmental Assessment Review Panel to complete 
its Comprehensive review of long-term nuclear fuel waste management. The 
Committee is convinced that a highly visible and vigorous program of radioactive 
waste management is crucial to maintaining public confidence in Canada's nuclear 
power program. 


2. The Committee directs the Atomic Energy Control Board to appear before it in 
public hearings, no later than June 30, 1989, to present an accelerated schedule 
for establishing a commercial disposal facility, together with a description of all the 
parameters which the Board will apply in licensing the site and the facility. The 
Atomic Energy Control Board will consult with AECL to ensure that the new 
schedule is technically feasible. 


The technical problems of radioactive waste management are not insurmount- 
able: the Committee concludes that these wastes can be safely handled, stored, 
transported and disposed of providing the political will is there. 


Canada's power reactors have been examined in several safety studies, most 
recently in the Ontario Nuclear Safety Review conducted by Dr. F. Kenneth Hare. In 
each case, the reactors have been judged to be acceptably safe. As Hare puts it, "The 
Ontario Hydro reactors are being operated safely and at high standards of technical 
performance...The risk of accidents serious enough to affect the public adversely can 
never be zero, but is very remote" (Ontario, Nuclear Safety Review, 1988c, p. i-ii). 


The safety engineering of the CANDU reactor and the design concept of 
"defence in depth" provide assurance that this reactor system can be operated in 
Canada with a minimal level of risk both to utility personnel and to the public at large. 
Nothing the Committee learned in its testimony and travel seriously questions this 
judgement. 


Nonetheless, the Committee has concluded that the limits of public liability on 
Canadian nuclear facilities are inadequate and must be raised. The current maximum 
liability on the part of the utility - $75 million for a multi-unit nuclear generating station 
such as Pickering A/B or Bruce B — is simply not sufficient. Nuclear suppliers have no 
public liability at all. While the Committee is not prepared to specify what those 
increased limits of public liability should be, it observes that today's coverage is neither 
realistic in terms of what the Three Mile Island and Chernobyl accidents cost (the 
liability claims arising from Three Mile Island have passed the billion-dollar mark and 
damages arising from Chernobyl are reportedly well in excess of two billion dollars), 
nor does it even approach the liability limits set in countries like West Germany and the 
United States. The fact that a serious accident which releases dangerous quantities of 
radioactivity to the environment is considered to be a very remote possibility does not 
mean that Canada should be unprepared to handle such an event. 


3. The Committee recommends that the basic insurance coverage on Canada's 
nuclear facilities be raised substantially. 


The lead agency for Canadian nuclear development is Atomic Energy of 
Canada Limited. AECL has provided and will continue to provide most of the R&D 
which underlies Canadian reactor design, development and safety. This crown 
corporation also markets Canadian reactor technology abroad and, in company with 
other international vendors, has been financially squeezed by the worldwide downturn 
in new power reactor construction. At the same time, the federal government is in the 
process of reducing AECL's funding in stages by a total of $100 million per year. 


It is not appropriate, however, for the federal government to be reducing its 
financial support of AECL at this time. As the Committee heard in testimony and as Dr. 
Hare reported in his study, this reduction in funding is impairing AECL's ability to 
provide the R&D support required by Canada's nuclear-equipped utilities to continue 
the safe and reliable operation of their power reactors. This support is necessarily a 
continuing function for as long as the reactors operate. There is the prospect of greater 
financial self-sufficiency at AECL in the future, and the electric utilities which have 
benefitted so much from AECL's work may be in a position to increase their financial 
support. Even so, the federal level of funding should not be reduced. The Committee 
concludes that federal funding of AECL's operations should be increased and 
maintained at a higher level for at least the next five to ten years, giving this crown 
corporation an assurance of financial stability while it works to commercialize its 
various products and become more self-supporting. In no circumstances should a lack 
of funding be allowed to compromise the integrity of the existing reactor program. 


4. The Committee recommends that the Government of Canada increase its financial 
support of Atomic Energy of Canada Limited and guarantee that level of support 
for a minimum of five years. 


AECL is the premier institution for "big science" in Canada. Its scientific, 
engineering and technical skills are a national resource developed over a period of 
more than four decades. Atomic Energy of Canada Limited should be encouraged to 
continue its diversification into new areas of science and technology, accompanied by 
a program of public awareness to convey the significance of what it is doing. 


5. Atomic Energy of Canada Limited should be encouraged by the Government of 
Canada to expand its research and development activities, including non-nuclear 
R&D, as one of the primary scientific institutions in the country. 


AECL has nonetheless been slow to respond to a declining domestic and 
international market for reactor sales. Although AECL is now making major efforts to 
diversify its activities within the nuclear sector, valuable time has been lost. It is evident 
from the Committee's studies that future reactor sales in the international market will be 
much less frequent for some time to come, and intensely fought for by AECL, 
Framatome, Westinghouse, General Electric, Kraftwerk Union and other vendors. 
AECL cannot survive on the reactor business alone, but must diversify, and should be 
encouraged by the federal government to accomplish this as rapidly as feasible. 


Because of the large front-end investment in money and time needed to 
construct nuclear reactors, uncertainty in predicting future demand for electricity 
causes utilities to be extremely wary about building new plants. Given the high carrying 
costs associated with delays in construction, it is imperative that future reactors be built 
in much less time (as is routinely achieved in France and Japan, for example). Means 
to expedite the design-licensing-construction process must be found. The standardized 
design of the CANDU reactor system should have been an important advantage in 
marketing. The Committee does not understand why that advantage has not been 
better exploited. Standardized designs have been used successfully in the French and 
West German reactor programs and allow for generic licensing by regulatory agencies. 


The Committee encourages the Governments of Canada and New Brunswick 
to reach an agreement on the construction of a new CANDU 300 reactor at Point 
Lepreau. This project could be used as an opportunity to demonstrate the time savings 
of "up-front" licensing. This will be very difficult, however, unless the AECB's current 
manpower shortage is rectified. 


The federal government proposes to privatize two divisions of AECL in the near 
future: the Radiochemical Company (RCC) and the Medical Products Division (AECL 
Medical). RCC produces radionuclides and irradiators for medical and industrial use 
and AECL Medical markets radiotherapy equipment. The Committee supports the 
objective of privatization but is concerned that AECL will be left with a core of basic and 
applied research which cannot become self-sustaining. Coupled with declining federal 
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funding for nuclear research and development, this would in the Committee's view 
cripple the research effort needed to sustain Canadian nuclear power development 
and to produce the next generation of reactor technology. Important R&D advances 
such as Chalk River's cancer-screening research might not find another home. 


The Committee therefore recommends that AECL retain a minority interest in 
the Radiochemical Company, in the Medical Products Division and in the various 
Business Units as they are privatized. This provides for a modest but continuing 
income for AECL on the one hand; on the other, it provides the new entity with an R&D 
link to an internationally recognized corporation which should be valuable in future 
product development. The Committee further recommends measures that would 
restrict foreign ownership in these companies to a minority interest. 


6. The Committee recommends that the legislative mandate of Atomic Energy of 
Canada Limited allow the Corporation to hold a minority interest in any 
component of AECL which is privatized. 


7. The Committee further recommends that any new entity created by privatization 
from Atomic Energy of Canada Limited be required to remain under Canadian 
control, although a minority foreign interest should be allowed. 


The Atomic Energy Control Board, which regulates nuclear activities in 
Canada, clearly lacks the manpower and financial resources to carry out its present 
responsibilities, let alone perform an expanded role. It is essential that nuclear power 
and the associated radionuclide business be well regulated to ensure their safe 
operation and that these activities be seen by the general public to be well regulated. 


The Committee recommends that the Board's implementing legislation be 
modified to allow it to practice some measure of cost recovery, especially in its 
licensing operations. To the extent that cost recovery does not provide sufficient funds 
for the Board to fully discharge its responsibilities, the Committee also recommends 
that AECB's Parliamentary appropriation be adjusted to make up the shortfall. 
Increased support of the AECB would reduce delays being experienced in reviewing 
licence applications, and allow the Board to examine more thoroughly the submissions 
of licensees. The AECB also needs larger resources to expand its program of 
regulatory research. The Committee observes in this context that the U.S. Nuclear 
Regulatory Commission has been mandated by Congress to recover 45% of its $US 
392.8 million 1988/89 budget through user fees. [The Parliamentary appropriation for 
the AECB in fiscal year 1988/89 is $24.4 million.] 


8. The Committee recommends that the Atomic Energy Control Act be altered to 
allow the Atomic Energy Control Board to practice cost recovery through licensing 
fees and charges for other user services as appropriate, provided that such fees 
do not unduly interfere with the Board's public dissemination of information. 


Testimony from the AECB itself, the recently-completed study by Dr. Hare on 
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reactor safety in Ontario and other sources all suggest that the Board is substantially 
deficient in money and manpower. The Committee accepts this evidence and doubts 
that cost recovery alone can fund expanded operations by the Board. 


9. The Committee further recommends that, to the extent the cost recovery measures 
instituted by the Atomic Energy Control Board fail to offset its cost of operations, 
the Board's Parliamentary appropriation be increased to ensure that all of its 
reponsibilities are fully and promptly discharged. 


Other aspects of the AECB's operations require attention. The Committee 
recommends that the AECB have its complement of full-time Board membership raised 
from one to five. This would allow more areas of specialization to be represented on 
the Board and better equip it to handle an increased volume of work. The Committee 
recommends that the Board adopt a higher public profile, opening all of its hearings to 
the public as one example. The Committee agrees with Dr. Hare's recommendation 
that AECB's advisory committees also be strengthened. To make the AECB more 
readily distinguishable by the public from AECL, the Committee further recommends 
that the AECB have its name changed, perhaps to the Nuclear Regulatory Board. 


10. The Committee recommends that Board membership at the AECB be increased 
from one full-time member to five full-time members, while maintaining the four 
part-time positions on the Board. 


11. The Committee recommends that the Atomic Energy Control Board adopt a more 
public style of operation, including holding its hearings in public. 


12. The Committee also recommends that the name of the Atomic Energy Control 
Board — AECB - be changed so that it is more readily distinguished by the public 
from that of AECL. 


There is an obvious need to educate the Canadian public about the benefits 
and costs of nuclear power. Much of the public debate about nuclear development is 
ill-informed and it serves everyone's interests that this situation be changed. The 
Committee believes that this task should be vested in a federal agency that is 
knowledgeable about the subject but removed from its promotion. The Committee sees 
the AECB as that agency. 


13. The Committee recommends that the Atomic Energy Control Board be directed to 
establish an office of public education dedicated to informing the Canadian public 
in an objective manner about the facts of nuclear development. The Government 
of Canada should ensure that this function receives adequate funding for the 
AECB to perform the task effectively. 


The cost of regulating the nuclear enterprise is Comparatively high even in 
Canada, where nuclear regulation is far less obtrusive and prescriptive than in the 
United States. The reason is the unique standards applied by society to the generation 
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of nuclear power and to the management of radioactive wastes. These standards are 
much more rigorous than those applied to the operation of other energy systems and to 
the handling of other toxic materials, but are necessary to reassure the public. 
Nonetheless, an appropriate balance between regulation and regulatory costs should 
be sought. Opportunities to apply technology developed for radioactive waste 
management to the management of other toxic materials should be pursued by AECL. 


Energy conservation/electricity demand modification has its place in utility 
planning, but in the longer run will not address all of the increase in electricity demand. 
Conservation and demand modification ease the pressure to construct new generating 
facilities, and should therefore be widely practiced, but are not in themselves a 
complete solution. The federal government should promote the more efficient use of 
electricity in those circumstances where the measures are cost effective and provide a 
positive economic return to all parties, but it should not be assumed that such efforts 
can entirely supplant the need for new generating capacity. 


14. The Committee recommends that the federal and provincial governments 
cooperate more closely to identify opportunities where more efficient use of 
electricity could be achieved, and to promote those measures which can attain the 
greatest economic efficiency. 


Private power generation is another approach to reducing the burden on 
utilities of financing new generating facilities. Given the mounting long-term debt being 
carried by Canada's electric utilities — almost $50 billion owed in total by Canada's two 
largest utilities — the way should be cleared of all unnecessary barriers to private 
power development, so that these producers can compete on economic terms. 
Whether or not private power generation will play a substantial role is very much a 
function of each utility's circumstances, but in principle the Committee supports the 
increasing contribution of electricity from this source. 


The Committee notes the bid by the Government of Ontario for the province to 
become the location of the International Thermonuclear Experimental Reactor. This is 
a proposed collaboration by the United States, the Soviet Union, the European 
Community and Japan to build a large fusion test reactor, said to be the next major 
developmental step in fusion technology. Ontario has a strong case to make in support 
of its bid. The Bruce Nuclear Generating Station on Lake Huron provides both an 
excellent site and a source of electricity to operate a fusion reactor. Ontario Hydro's 
capability to supply tritium as a fuel for the fusion process is another enticement. The 
R&D, engineering and construction benefits would in turn be very welcome in Canada. 
Finland and West Germany are reported to have also bid for the project. 


Atomic energy is not the evil genie in the bottle. Treated with respect and 
properly managed, it is a source of energy holding great promise for society's future. 
Canada's nuclear power program is well conceived and well run. With proper attention 
to the shortcomings noted by the Committee, nuclear power appears certain to play a 
larger role in Canada's energy system of the twenty-first century. 


13 


Reactor Systems 


A. A Note on Atomic Physics 


All matter — solid, liquid or gas — is composed of atoms, tiny "particles" that 
move around in perpetual motion. Most atoms are less than 2 x 10° centimetres 
(0.00000002 centimetres) in radius. The unit of measurement equal to 10° cm is 
called the angstrom, so atoms are typically less than 2 angstroms in radius. lf an apple 
were magnified to the size of the Earth, then the atoms in the apple would be about the 
size of the original apple. 


Once scientists established that all matter is composed of these particles or 
atoms, it was natural to ask, how many kinds of particles — elements — are there in 
nature? Ninety-one elements up to atomic number 94 (three elements in this sequence 
do not occur naturally) have been discovered. Hydrogen (H) is the simplest atom and 
is assigned the atomic number 1. Uranium (U), the element central to the nuclear 
power enterprise, has atomic number 92. To the naturally occurring elements, science 
has added another dozen or so artificially through nuclear reactions. All of these man- 
made elements are unstable and will sooner or later revert to a lighter, stable element. 


Atoms are in turn composed 
yas of three more fundamental particles: 
0 charge protons, neutrons and electrons. A 

een tiny nucleus at the centre of the atom 
+1 charge contains positively charged protons 
and electrically neutral neutrons. 
Protons and neutrons are much 
heavier than the third type of particle, 
negatively charged electrons which 
may be visualized as circling the 
nucleus in a spherical cloud. The 
nA eens nucleus represents only about 10°! 
—1 charge of the volume of the atom but almost 
all of its mass, like the sun in our 

solar system. 


The sum of the number of protons and the number of neutrons in an atom is 
Known as its mass number. 


In their basic state, atoms contain equal numbers of protons and electrons and 
hence have a net electrical charge of zero. Under certain circumstances, atoms can 
gain or lose electrons, leaving them with a positive or negative electrical charge. Such 
atoms are said to be ionized. Radiation capable of stripping electrons from atoms is 
called ionizing radiation. 
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The number of protons determines the atomic number of the element and fixes 
its place in the Periodic Table. An atom with only one proton is always hydrogen; with 
eight protons is oxygen; and an atom with 79 protons is gold. Each element may vary, 
however, in the number of neutrons that it contains in the nucleus, and these differing 
versions of the same element are known as isotopes. 


Hydrogen usually has f ® = Proton 
One proton and no neutrons in ay 
: ‘ ; ‘ © = Neutron 
its nucleus, and in this form is / 
called protium. Less com- oe Plectron 
monly, hydrogen contains one 
proton and one neutron, and is 
then known as deuterium. If the 
hydrogen nucleus contains ° 

: Proteum 

one proton and two neutrons, it 
is in the unstable form called 
tritium. Isotopes are atoms with ® 
the same atomic number but a 
different mass number. The 
isotopes of hydrogen can be 
differentiated by writing them 
as hydrogen—1 (H—1), H—2 and 
H-3, giving the name of the & 
element followed by its mass 2 
number. U—235 is the isotope 
of uranium used as the initial 
fuel in a nuclear reactor. 


Deuterium 


Tritium 


Each isotope of each element is an individual atomic species and each atomic 
species is known as a nuclide. There are some 104 known natural plus artificial 
elements but when all of their isotopes are added together, one discovers that there 
are more than 1,700 nuclides. To illustrate, there are 15 known isotopes of uranium (of 
which three occur naturally), so 15 of the 1,700+ Known nuclides are forms of uranium. 


Some elements, typically with large mass numbers, are unstable and 
disintegrate or "decay" naturally. Radioactivity is the spontaneous disintegration or 
fissioning of the nucleus of an unstable atom, accompanied by the release of energy. 
This spontaneous decay is not random -— it proceeds at a specific rate characteristic of 
the radioactive nuclide (radionuclide) concerned. A unit for measuring radioactivity 
("activity") is needed and that unit is the becquerel. One becquerel (abbreviated Ba) is 
one radioactive disintegration per second. () 


(1) The becquerel has replaced the curie as the measure of radioactivity. A curie is defined as the 
radioactivity of one gram of radium and equals 3.7 x 10!° disintegrations per second. Since the 
becquerel is defined as one disintegration or decay per second, the correspondence between the 
units is: one curie = 37 billion becquerels, or one becquerel = 2.7 x 10°! curie. 
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The half-life of a radionuclide is the time required for the activity (and thus the 
number of undecayed atoms) to decrease by 50%. After one half-life, one-half of the 
Original substance and one-half of its original radioactivity remain; after two half-lives 
only one-quarter; and after 10 half-lives only 1/1024 remains. Half-lives of radio- 
nuclides can vary enormously. The half-life of oxygen—13 (an artificially produced 
radionuclide) is 0.0087 seconds while that of vanadium—50 (a naturally occurring 
radionuclide) is on the order of 6 quadrillion (6 x 101°) years. To take more familiar 
examples, the half-life of tritium (hydrogen—3) is 12.4 years; that of uranium—238 is 
4.51 billion years. 


There are four naturally occurring radioactive decay sequences among the 
heavy elements, known as the thorium series, the neptunium series, the uranium 
series and the actinium series. The neptunium series is no longer observed in nature 
because the longest-lived element in the series (neptunium—237 with a half-life of 2.2 
million years) has virtually completely decayed since the formation of the elements in 
the universe perhaps 15 billion years ago. In contrast, uranium—238 has not even gone 
through four half-lives since the calculated time of creation of the universe. There are 
also a number of isolated, naturally occurring radionuclides which do not belong to 
one of the heavy-element decay chains. Most notable are tritium and carbon—14 
(which are continuously being created by cosmic ray bombardment of the Earth's 
atmosphere), potassium—40 and rubidium—87. A number of the naturally occurring 
radionuclides have been utilized for age-dating in geology and archeology. 


Radioactive decay is accompanied by the release of one or more of four types 
of radiation capable of damaging living tissues: alpha particles, beta particles, gamma 
rays and neutrons. An alpha particle is a positively-charged helium nucleus (two 
protons and two neutrons) ejected from the nucleus of an unstable atom. A beta 
particle is a negatively-charged electron emitted from the nucleus of a decaying atom. 
A gamma ray is a specific quantity of electromagnetic radiation (photon) emitted by an 
atom as a result of a transition from one of its excited energy levels to a lower level. 
Gamma rays have neither mass nor charge. 


Beta radiation has approximately 100 times the penetrating power of alpha 
radiation; gamma rays are 10,000 times more penetrating than alpha radiation. All four 
forms are capable of ionizing matter as they pass through it and consequently 
represent a biological hazard. Biological damage in humans may take the form of 
somatic effects — physical effects apparent in the individual who has suffered the 
radiation exposure — or genetic effects — effects which appear in the offspring of the 
exposed individual. Alpha emitters such as plutonium and radon gas are most 
hazardous when ingested or inhaled. Beta and gamma emitters, because of their 
greater penetrating power, are hazardous to humans both internally and externally. 
Exposure to high-energy neutrons is normally only a hazard in certain working 
environments around a reactor. All four types of radiation can be absorbed (as heat) in 
shielding materials like lead, concrete or water. 
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Figure 1: The Electromagnetic Spectrum Electromagnetic radiation 
refers to the emission or transfer of 
energy in the form of electro- 

ein magnetic waves or particles. The 

Wavelength photon (eV) ae. electromagnetic spectrum extends 

my postule from the longest radio waves to the 
shortest gamma rays, distinguished 
by their frequency of vibration. 

10 20 Society uses the electromagnetic 

10 ; , spectrum for many purposes: 

sending electricity along trans- 

mission lines at a_ typical 

7 frequency of 50 or 60 cycles per 

second (50 or 60 hertz), broad- 

casting radio and television, radar, 
ee i X-rays in cancer treatment and even 

14 solar radiation for skin tanning (with 
its risk of inducing skin cancers). The 
visible light detected by our eyes is 

12 part of this spectrum, bracketed by 

r ultraviolet radiation at a higher 

frequency and infrared radiation at a 

lower frequency. 
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Figure 1 illustrates the 
electromagnetic spectrum and uses 
made of various bands in this energy 
spectrum. 


Source: Eisberg, Robert and Robert Resnick, 
Quantum Physics of Atoms, Molecules, 
Solids, Nuclei, and Particles, John Wiley & 
Sons, Toronto, 1974, p. 38. 


ile? 


Artificial radionuclides are created in nuclear reactors and particle accelerators 
when atoms are bombarded with highly energetic particles. They exhibit the same 
physical behaviour as those which occur naturally. For example, when plutonium—239 
is created in a reactor, it begins to decay with its own characteristic half-life, which 
happens to be about 24,360 years. The sequence of nuclear changes which leads to 
the formation of plutonium within the reactor is: 


uranium—238 + neutron —> uranium—239 + gamma ray 
uranium—239 —> neptunium—239 + beta particle 


neptunium—239 —> plutonium—239 + beta particle 


The plutonium subsequently emits an alpha particle when it undergoes 
radioactive decay, and ends up as a stable isotope of lead. 


The nuclei of atoms are held together by powerful electrical forces. When these 
nuclear forces are released, the energy involved is tremendous. Fission is a nuclear 
reaction in which a heavy nucleus splits into two parts (occasionally three) 
accompanied by the release of energy and two or more neutrons. Fission may be 
spontaneous, as in the decay of radioactive substances, or it may be induced by the 
capture of bombarding particles such as neutrons, the process exploited in a nuclear 
reactor. The fissioning of one kilogram of uranium—235 in a nuclear reactor releases 
approximately as much energy as can be obtained in burning 2,800 tonnes of coal. 
Atomic energy is the result of changes within the nucleus of the atom itself, while the 
heat liberated by burning the coal is the product of chemical changes only involving 
electrons on the outside of the atom. 


A typical fission reaction can be represented in words in the following manner: 


Neutron + Fissionable nucleus —> Fission-product nuclei + Neutrons + Beta electrons 
+ Gamma photons. 


For the purposes of this discussion, a fissionable isotope will be one in which the 
fission reaction can be caused by neutrons. 


In the design of power reactors, the process of central importance is the chain 
reaction. The possibility of using nuclear fission to produce power in a reactor arises 
from the fact that 2.5 neutrons are emitted, on average, in each uranium—235 fission 
process. Plutonium—239 fission releases three neutrons on average per fission 
process. The reaction becomes self-sustaining if at least one neutron can be captured 
by another atom, leading to another fissioning and the maintenance of the chain 
reaction. 


B. Elements of Reactor Design and Use 


A nuclear reactor is an assembly of fissionable material in which nuclear fission 
can be maintained as a self-supporting, controlled chain reaction. The reactor core 
within which this assembly is contained may be thought of as a furnace in which the 
fissionable material is consumed, accompanied by the regulated release of thermal 
energy. The first self-sustained chain reaction was achieved in a graphite-moderated 
natural uranium assembly at the University of Chicago on December 2, 1942. Although 
nuclear weapons and nuclear reactors both exploit the principle of the chain reaction 
for their operation, the excess reactivity of a nuclear weapon is enormous, allowing it to 
release a huge amount of energy in an extremely short period of time. To achieve this 
condition, the bomb requires a high-purity fissionable material and a trigger to force the 
subcritical mass elements together. A neutron injection device is employed to boost 
reactivity even further. A reactor cannot suffer a nuclear explosion because of the 
geometry of the core, the low level of enrichment of the reactor fuel (or lack of 
enrichment, as in CANDU), and the presence of neutron-absorbing materials such as 
the uranium—238 in the fuel elements. 


Neutrons are expelled from fissioning atoms at high velocity. For the reaction to 
propagate within a nuclear reactor, the neutrons must be slowed so that they can be 
captured by other fissionable atoms. The function of the moderator is to slow "fast" 
neutrons without absorbing them (that is, the moderator must have a "low 
neutron-capture cross section"). When the neutrons are slowed to near-thermal kinetic 
energies, the neutron-capture cross section of the fissionable material becomes much 
larger and a chain reaction can then be sustained by the "slow" neutrons. (1) The best 
moderator is "heavy hydrogen" or deuterium — an isotope of hydrogen with a neutron 
as well as a proton in its nucleus. Since hydrogen is difficult to handle in its elemental 
form (recall the explosion of the German dirigible Hindenburg in 1937), water is usually 
used as the moderator, oxygen also having a small cross section. Heavy water (D,0), 


regular water (H,O) and the solids carbon (in the form of graphite) and beryllium have 
been the preferred moderators. 


The release of energy by fission produces large quantities of heat. Therefore, a 
medium called a coolant must be circulated through the reactor core to carry the heat 
away. The coolant also serves as the heat transfer medium in a reactor used for 
electric power production, carrying the thermal energy to a heat exchanger where it is 
passed to circulating steam which in turn drives a turbine to generate electricity. Since 
the coolant passes through the reactor core, it must withstand high temperatures and 
radiation damage. Good coolants are water (light and heavy), certain organic liquids 
(particularly a class of light oils Known as aromatic terphenyls), certain liquid metals 
(particularly sodium), and the gases carbon dioxide and helium. 


(1) A fissile isotope in this context means one in which the fission process can be caused by slow or 
low-energy neutrons. There are only three important fissile isotopes: the naturally occurring 
uranium—235, and the man-made isotopes plutonium—239 and uranium-233. 
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The rate of nuclear fission must be precisely controlled within the reactor to 
maintain the chain reaction: too low a rate of fissioning causes the chain reaction to 
terminate; too high a rate releases more energy than the circulating coolant can carry 
away. If the number of fissions is increasing, the power is rising and the reactor is said 
to be supercritical. If the number of fissions is decreasing, the reactor is subcritical. The 
rate of fissioning and the power level remain constant when the reactor is just critical. 
Reactivity is a measure of the departure of a reactor from criticality. Positive reactivity 
means the neutron flux in the reactor core is increasing and the power level is rising; 
negative reactivity means the neutron flux is decreasing and the power level is falling. 


Control rods made of a neutron-absorbing material such as cadmium are used 
to vary the rate of the reaction. Moving the control rods in or out of the reactor core 
alters the number of neutrons available to sustain the chain reaction. The control rods 
can be fully inserted to shut down the nuclear reaction. A reactor may also be 
equipped with a system to introduce a poison into the core. A poison is any non-fissile 
substance having a high capacity to capture neutrons and thereby decrease reactivity 
(Suppress the chain reaction). 


In some circumstances, such as a serious loss-of-coolant accident, normal 
reactor control systems may not be capable of handling the situation. For these 
infrequent events, additional safety systems such as emergency core cooling and 
reactor containment can be called upon to reduce the consequences of an accident. 
Emergency core cooling usually takes the form of a system designed to inject large 
quantities of cool water into the heat transport system following a major loss of coolant. 
Primary containment is the reinforced concrete structure housing the reactor and its 
closely related systems. Its function is to contain radioactivity if the reactor core is 
breached in a major accident. 


Mechanical control systems would be incapable of controlling a reactor if the 
fission process were only a function of the time taken for the moderator to slow fast 
neutrons to thermal velocities (on the order of a millisecond or 10°° seconds). Most 
neutrons are emitted instantaneously during the fission process itself, and these are 
referred to as prompt neutrons. A small percentage (less than 1%) of the neutrons are 
emitted subsequently by the fission fragments after one or more beta decays and an 
appreciable time lag; these are referred to as delayed neutrons. The total number of 
neutrons available to sustain the fission process is the sum of the prompt and the 
delayed neutrons. An objective in reactor design is to be "prompt subcritical" but 
"overall supercritical" — that is, the prompt neutrons alone cannot sustain the chain 
reaction and the delayed neutrons supply the margin of criticality, allowing the 
mechanical controls to follow the chain reaction. 


At least 45 different delayed-neutron precursor isotopes (fission fragments that 
subsequently decay via delayed neutron emission) are produced in a fission chain 
reaction. These precursors may be classified into groups with half-lives ranging from 
about 0.2 to 55 seconds. Their overall average half-life of approximately six seconds - 
provides the margin for normal reactor control. 
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Liquid-cooled reactors exhibit either a positive or a negative void reactivity 
coefficient. A positive coefficient means that any event which leads to boiling of the 
primary coolant will cause a rise in reactivity and a surge in reactor power. CANDU 
reactors have a positive void reactivity coefficient and therefore their shut-down 
systems have to be carefully designed and computer controlled for rapid reactor 
shut-down. A negative coefficient, characteristic of light water reactors, means that 
boiling of the primary coolant will lower reactivity and depress reactor power. 


About 4% of the fission energy released appears as heat generated by the 
decay of radioactive fission products. This decay heat continues to be produced after a 


reactor is shut down. Removal of decay heat during shutdown must be provided for, or 
the reactor core temperature will rise causing fuel element melting and failure. 


Figure 2: Schematic Representation of a Pressurized Light Water Reactor 
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Source: Tong, L.S. and Joel Weisman, Thermal Analysis of Pressurized Water Reactors, Second Edition, 
American Nuclear Society, 1979, p. 2. 
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The reactor type displayed in Figure 2 is the pressurized light-water reactor, the 
most commonly used design abroad. A primary cooling system, operating under high 
pressure to keep the coolant from boiling, removes heat from the reactor core and 
carries it to the steam generators. A secondary cooling system operating at lower 
pressure extracts heat from the primary coolant and transfers steam produced in the 
steam generators to turbine/generator sets for generating electricity. A third cooling 
system uses water from an external source such as a river or lake to condense the 
steam leaving the turbines. In this configuration, the primary cooling system is isolated 
both from the external cooling water and from the turbines. Light water serves as both 
coolant and moderator in this design. 


Three isotopes of uranium occur naturally: uranium—238 with an abundance of 
99.283%, uranium—235 (0.711%) and uranium—234 (0.006%). Uranium—234 may be 
disregarded because of its low abundance. The importance of U—235 lies in its being 
the only one of several hundred naturally-occurring isotopes which is spontaneously 
fissionable by the capture of slow neutrons. Uranium—235 is necessarily the initial fuel 
for all reactor operation and, if fission power is to become a long-term contributor to 
society's energy needs, then breeder reactors are part of that developmental path. 


Most reactors belong to one of three types: research reactors, power reactors 
and breeder reactors. Research reactors typically serve as a source of neutrons for 
experimental purposes. They are used to make physical and chemical measurements, 
to study the effects of neutrons on biological and nonbiological systems, to produce 
radionuclides used in medical and industrial applications, for neutron activation 
studies, and for investigating new reactor designs. Many low-power reactors are 
Operating at universities and other research facilities for experimental and training 
purposes. 


Power reactors are used to generate electricity, to produce heat for industrial 
and district heating applications, for ship and submarine propulsion (often referred to 
as "propulsion reactors" in this application), and for aerospace purposes. There are as 
many reactors in service in the navies of the United States, the Soviet Union, Great 
Britain, France and China as there are reactors generating electricity in the 26 
countries of the world which have developed nuclear-electricity. The United States, 
West Germany and Japan each built a merchant vessel equipped with nuclear 
propulsion (the American Savannah commissioned in 1962, the German Otto Hahn 
commissioned in 1968 and the Japanese Mutsu-Maru commissioned in 1973), but all 
three were subsequently taken out of service due to doubtful profitability and the 
difficulty experienced in gaining permission to put into various ports. The Soviet Union 
has constructed a series of the world's largest and most powerful icebreakers, 
powered by nuclear reactors. Small reactors have been used to provide electrical 
power on board satellites and spacecraft. In 1978, Canada had to clean up radioactive 
debris from the atomic-powered Soviet Cosmos satellite which came down over the 
Northwest Territories. A small power reactor was formerly operated at a U.S. research 
station in Antarctica. 
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Breeder reactors convert the fertile isotopes") thorium—232 and uranium—238 
into the (man-made) fissile isotopes uranium—233 and plutonium—239 respectively; 
that is, they "breed" new reactor fuels in greater quantities than the fuel they consume 
in their own operation. Reactors with a breeding ratio less than one but which 
nonetheless create significant quantities of fissile material are often referred to as 
"converter" reactors. CANDU is a converter reactor, creating plutonium—239 from 
uranium—238 during its operation. CANDU could also be made to operate as a 
near-breeder on a thorium fuel cycle. Reactors which create only small quantities of 
new fissile material are sometimes referred to as "burner" reactors. Light water reactors 
tend to have relatively low breeding ratios. Since breeder reactors are also employed 
as power reactors, we shall consider breeders to form a subset of the power reactor 


group. 


The difference between the uranium—235 fission power reaction and the 
uranium—238 breeder reaction is shown schematically in Figure 3. 


Figure 3: Schematic Representation of the U-235 Fission Power Reaction and the 
U-—238 Breeder Reaction 
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Source: Hubbert, M. King, "Energy Resources" in Resources and Man, National Academy of Sciences- 
National Research Council, Committee on Resources and Man, W.H. Freeman and Company, 
San Francisco, 1969, p. 220-221. 


Most power reactors in turn belong to one of the six main types described in the 
following list, although there are numerous variants of these basic designs (Leclercq, 
1986, p. 71). 


(1) A fertile isotope is one capable of being converted into a fissile isotope. Uranium—238 and 
thorium—232, not in themselves fissionable, can be converted through the absorption of neutrons 
into the previously nonexistent isotopes plutonium—239 and uranium—233, respectively. 
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Gas-cooled reactors (GCR) use graphite as the moderator; either natural or 
enriched uranium as fuel; and carbon dioxide gas as coolant. Most of the early 
GCRs were of the British Magnox type or the French UNGG (Uranium Naturel, 
Graphite Gaz) type; a more recent version deployed by the British is known as the 
advanced gas-cooled reactor (AGR). 


Heavy water reactors (HWR) use heavy water as the moderator; natural uranium, 
enriched uranium or plutonium as fuel; and pressurized heavy water, carbon 
dioxide gas or boiling light water as coolant. Most of the reactors in this category 
are of the CANDU design, employing pressurized heavy water as the coolant and 
natural uranium as the fuel. They are known as pressurized heavy water reactors 
(PHWR). The CANDU design itself is usually designated as CANDU—PHWR. 


Pressurized water reactors (PWR) use light water as the moderator; enriched 
uranium as fuel; and pressurized light water as coolant. The PWR operates at 
sufficiently high coolant pressures that the water is kept in the liquid state and 
passes to a steam generator, creating steam in a secondary system to drive a 
turbine. In the Soviet Union this type is known as the VVER (Vode Vodjanie 
Energitcheskie Reactor); in France as the REP (Réacteur a Eau sous Pression). 


Boiling water reactors (BWR) use light water as the moderator; enriched uranium 
as fuel; and boiling light water as coolant. The BWR operates at low coolant 
pressures, with steam being allowed to form in the primary cooling circuit and 
passing directly to a turbine. The BWR is a simpler, less costly design than the 
PWR because steam generators are not required, but the PWR isolates the turbine 
on a secondary circuit and thus radioactivity escaping from the fuel elements does 
not contaminate the turbine. 


The term light water reactor (LWR) is used to refer collectively to PWRs and BWRs. 


Light-water graphite reactors (LWGR) use graphite as the moderator; enriched 
uranium as fuel; and boiling light water as coolant. The LWGRs are Soviet power 
reactors, designated as RBMK (Reactor Bolche Molchnastie Kipiache). The 
Chernobyl units belong to this class. 


Fast breeder reactors (FBR) have no moderator (hence the name "fast" breeder 
since the neutron velocities are not moderated); use enriched uranium or 
plutonium as fuel; and liquid sodium as coolant. The principal design type in this 
category has been the liquid-metal cooled, fast breeder reactor, LMFBR, based on 
the uranium—238/plutonium—239 cycle. With the discovery in recent years that the 
world's uranium—235 reserves are much larger than had been thought, the sense 
of urgency has disappeared from the breeder reactor program. 


The United States, the Soviet Union, France and Japan have led the world in 


adopting the PWR type for power production. [The Soviet Union operates 23 graphite- 
moderated reactors of the RBMK type as well as its 29 PWRs, but the majority of the 
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Soviet power reactors under construction today are PWRs.] As statistics compiled in 
the World Nuclear Industry Handbook 1988 (NEI, 1988, p. 10ff) reveal, the PWR 
represented 60% of the 308,166 million watts (308,166 megawatts or 308.2 gigawatts) 
in generating capacity installed in 418 reactors operable worldwide as of July 31, 
1987. PWRs are even more dominant in the group of reactors under construction, 
where they represent 75.5% of the 118.6 gigawatts (GW) of generating capacity being 
built in 130 new units. 


The BWR type holds second place among operable reactors with 23.5% of 
installed capacity, but represents only 7.4% of capacity of reactors under construction. 


Another line of reactor development, main advocate of which has been the 
United Kingdom, is the GCR, known as the Magnox in earlier British versions and as 
the AGR in more recent form. ["Magnox" refers to the magnesium oxide alloy used to 
sheath the fuel elements.] The gas-cooled reactor design suffers from the poor 
performance of both older and newer units: Magnox reactors have a disappointing 
57.9% capacity-weighted load factor over their operating lives (as of end-June 1987) 
and the newer AGRs are doing even more poorly at 34.8%. In contrast, the PWR 
design averages 62.7% over its lifetime and the BWR 61.4%. The GCR accounts for 
5% of operable reactor capacity and only 2.2% of reactor capacity under construction. 


The heavy water reactor, in the PHWR variant pioneered by Canada, accounts 
for 5% of operable reactor capacity and 7.8% of capacity under construction. The 
PHWR exhibits the superior operating record, with a 75.5% capacity-weighted load 
factor through mid-1987. Despite its operating success, the PHWR type has achieved 
only limited penetration of the world reactor market when compared with the light water 
design. In terms of planned capacity, the PHWR accounts for just 2% of 141 GW 
planned in 149 units. This reflects the fact that only one new CANDU reactor was being 
planned by a Canadian utility when the survey was taken (and that remains to be 
confirmed), and only six PHWR reactors were being planned in other countries (five 
units in India, in which Canada has no involvement, and one unit in Turkey). 


The LWGR design claims 5.7% of operable generating capacity and 5.9% of 
capacity under construction. The LWGR's share of reactor construction is represented 
entirely by six large RBMK units being built in the U.S.S.R. 


The fast breeder claims only 0.9% of operable generating capacity and 1.2% of 
Capacity under construction, but will account for a rising share of generating capacity in 
the future as fission power evolves. 


Figures 4 and 5 summarize the shares held at mid-1987 by the principal design 
types, for operable reactors and for reactors under construction, respectively. The 
dominance of the PWR design is evident. 
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Figure 4: Operable Reactors Worldwide at July 31, 1987, by Reactor Type 
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Source: Nuclear Engineering International, "Reactor Statistics", World Nuclear Industry Handbook 1988, 
Reed Business Publishing, Sutton, England, 1988, p. 10. 


Figure 5: Reactors under Construction Worldwide at July 31, 1987, by Reactor Type 
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Reed Business Publishing, Sutton, England, 1988, p. 10. 
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C. The CANDU System 


There are two fundamental approaches to designing a reactor to sustain a 
chain reaction. One is to increase the concentration of fissile atoms within the fuel 
elements, accomplished by enriching the fuel and thereby increasing the probability of 
fissile capture of neutrons before their absorption in non-productive core materials. 
This is the approach taken in light water reactors which operate with fuel elements 
enriched in uranium—235 to about 3% in PWRs and up to 5% in BWRs. The other is to 
use natural uranium fuel (0.7% uranium—235, the isotopic abundance found in nature) 
and employ materials in the core which minimize neutron absorption. CANDU — an 
acronym for CANada-Deuterium-Uranium — denotes a distinct branch of power reactor 
design pioneered in Canada which adopts the latter approach. CANDU thus avoids 
the additional cost of developing uranium enrichment facilities (or of depending upon a 
foreign supplier for enriched fuel) and lessens the economic incentive to reprocess 
spent fuel, again avoiding an expensive step in the nuclear fuel cycle. 


CANDU is heavy water moderated and cooled, to exploit the exceptionally low 
neutron-capture cross section of the deuterium isotope. Heavy water is an expensive 
commodity, however, and adds substantially to the capital cost of the CANDU reactor. 
There is also a heavy water make-up cost because small quantities are lost under 
normal operating conditions. A loss rate of less than 1% of the heavy water inventory 
per year has been achieved, overcoming the early fear that heavy water losses might 
prove to be uneconomically high. The heavy water inventory in older CANDUs is about 
1 tonne per megawatt of generating capacity; in newer and larger units about 0.8 tonne 
per megawatt. Zirconium alloys, which absorb far fewer neutrons than steel, are used 
to fabricate structural components and to sheath the fuel elements, adding to the 
neutron economy of the CANDU design. 


Given the lower power density in a CANDU reactor core, which is an aspect of 
using natural uranium fuel, the core is considerably larger than in other reactor types 
with a comparable power rating. The early CANDU designers were concerned that 
fabricating a pressure vessel for high-power CANDU reactors would be very difficult 
because of its size and instead opted for a pressure tube system to enclose the fuel 
bundles within the reactor core. The fuel bundles are therefore contained within a large 
number of individual pressure tubes which also carry the hot, pressurized heavy-water 
coolant. This design feature allows the coolant and moderator to be kept separate and 
the cool, low-pressure moderator to be enclosed within a comparatively simple vessel 
known as the calandria. In contrast, coolant and moderator are one in the LWR and 
must be contained within a large, thick-walled, complex pressure vessel. Pressure 
tubes are replaceable and Ontario Hydro is becoming adept at this task. It is possible 
that CANDU units may be able to operate for many decades, with periodic replacement 
of the pressure tubes and other reactor components. Reactor pressure vessels are not 
replaceable and impose a more restricted lifetime on other reactor designs. 


The use of a pressure tube design confers a major operating advantage on 
CANDU: on-power refuelling. Whereas other reactors have to be shut down for 
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refuelling, CANDU can continue to operate at full power while remotely controlled 
refuelling machines move fuel bundles in and out of the core. Failed fuel elements can 
also be removed while the reactor continues to operate. Much of CANDU's superior 
operating record can be traced to on-power refuelling. The pressure tubes are 
horizontal so that new fuel bundles can be simply pushed into one end of the tube by a 
fuelling machine and spent fuel bundles taken out of the other end by another fuelling 
machine. With this configuration it is also possible to insert fresh fuel bundles from 
opposite ends of adjacent fuel channels and achieve a more uniform power 
distribution over the length of the reactor. Another benefit of this approach is that it 
allows the manufacture of short fuel bundles of simple design. 


Adopting a pressure tube design has not come without its drawbacks. The 
much more complicated plumbing of a CANDU reactor core contributes to the higher 
capital cost of building this type of reactor, an important consideration in an era of high 
Capital carrying charges and frequently delayed construction schedules. Moreover, the 
early hope that the pressure tube system would last for the 30-year life then attributed 
to the reactor has been dashed. The premature retubing first of Pickering 1 and 2 in the 
wake of the ruptured tube at unit 2 in 1983 and soon of Pickering 3 and 4,'") despite 
the use of a more advanced zirconium-niobium alloy in the tubing, has been a costly 
disappointment. The direct cost of materials, labour and equipment needed to remove 
and replace the pressure tubes, and of recommissioning units 1 and 2, has recently 
been estimated by Ontario Hydro at $402 million. The cost of replacement power for 
the lost nuclear-electric output was about $200,000 to $250,000 per unit per day, 
depending upon the type of replacement energy (coal-fired generation at Ontario 
Hydro stations or purchased power from other utilities). (Ontario Hydro, 1987a, p. 
121-122) Thus the economic penalty of having two reactors shut down for several 
years for retubing has been large.'*) Even so, the performance of CANDU reactors, 
most of which are operated by Ontario Hydro, remains impressive when compared with 
other designs. 


The high performance figures achieved by Ontario Hydro are particularly 
noteworthy. This utility still enjoys the highest lifetime [load factor] figure, and yet for four 
years, two of its 15 reactors have been shut down for a complete pressure tube 
replacement operation after a tube failure in 1983, and are only now going back into 
service. (Howles, 1988, p. 22) 


(1) Ontario Hydro has announced that Pickering unit 3 will be shut down for retubing in 1989 and unit 4 in 
1991. Retubing of these units had been planned for the late 1990s. The utility expects retubing to 
take 23 months at unit 3 and 19 months at unit 4, and to cost $500 million in total. The decision was 
taken after Ontario Hydro discovered higher than expected absorption of deuterium in pressure tubes 
of both units 3 and 4. (Ontario Hydro, 1988c) 


(2) The cost of retubing and of providing replacement energy is being approximately equally shared by 
Ontario Hydro, the Province of Ontario and AECL as the joint owners of Pickering units 1 and 2. The 
Nuclear Payback Agreement which applies to these two reactors is discussed in the later section on 
The Economics of Nuclear Power. 
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Figure 6 illustrates the principal features of the CANDU reactor, the primary 
coolant circuit and the steam generators. 


Figure 6: The Principal Design Features of the CANDU Reactor System 
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Source: Thexton, H.E., “Canada” in Nuclear Power: Policy and Prospects, P.M.S. Jones (ed.), John Wiley 
& Sons, Toronto, 1987, p. 203. 


Canada has been a leader in developing a systematic approach to minimizing 
risk in reactor operation. Accident prevention and mitigation through superior design, 
high-quality equipment and well-trained personnel is referred to as "defence-in-depth". 
This concern with safety is one of the legacies of the 1952 NRX reactor accident at 
Chalk River. Defence-in-depth assumes that reactor design will have occasional 
imperfections, that equipment will sometimes fail, and that reactor operators will 
occasionally make mistakes. The intent is to minimize the probability of an accident 
occurring and to minimize the consequences of an accident, should it occur. 
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As described by Ontario Hydro, the concept of defence-in-depth rests on five 
factors (Ontario Hydro, 1987a, p. 101-104). 


(1) High-quality station equipment built to strict engineering specifications is the first 
line of defence. 


(2) In the event of failure in a major reactor system, independent safety systems are 
activated to compensate for or offset the failure. These safety systems are designed 
wherever possible to incorporate certain principles of operation. Separation means 
that a failure in one location or system will not affect components in other locations 
or systems. Diversity means that there is more than one way of achieving a result or 
condition, such as shutting down the reactor. Redundancy means that more than 
one component is available for a given task or operation, such as connecting two 
pumps in parallel when only one is required. Independence means that systems or 
components operate independently of each other; one example is having 
independent power supplies for separate systems. Fail-safe means that the failure 
of a component or system automatically causes that component or system to 
assume a safe condition. For example, shut-off rods may be held above the reactor 
by electromagnetic clamps; a power failure causes the rods to be released and 
drop into the reactor, shutting it down. 


CANDU reactors have two general classes of safety systems: reactor shutdown 
systems and an emergency core cooling system (ECCS). Every CANDU unit has 
two independent shutdown systems, of the three types of shutdown system that 
have been designed for CANDU reactors. All CANDU reactors have shut-off rods 
made of neutron-absorbing cadmium. Rapid insertion of the shut-off rods 
terminates the chain reaction because there are not enough neutrons available to 
sustain it. Some CANDU reactors are equipped with a moderator dump, a system 
which rapidly drops the moderator into a holding tank beneath the reactor. Loss of 
the moderator means that fast neutrons are not slowed to cause further fissioning 
and the chain reaction is again terminated. Other CANDU reactors have a poison 
injection system, in which a liquid with neutron-absorbing properties can be 
injected under pressure into the moderator. The injected liquid absorbs large 
numbers of neutrons and "poisons" the chain reaction. 


The ECCS is activated if cooling of the reactor core fails, as in a major break in the 
primary cooling system. Water stored in a reservoir is injected under pressure 
through the emergency cooling system to flow over the fuel and carry away the 
heat. 


(3) The third factor is barriers designed to contain or to minimize any release of 
radioactivity. The philosophy has been to create a series of physical barriers to the 
release of radioactivity during either normal operation or an emergency. The first 
barrier is the fuel itself which, barring failure of the fuel pellet, will contain 99% of 
the radioactivity created during normal reactor operation. CANDU fuel is fabricated 
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as ceramic pellets of uranium dioxide (UO,) with a melting point of 2800°C. Fuel 


pellets are in turn contained within sealed zircaloy metal tubes, constituting another 
barrier to the escape of radioactivity. The fuel bundles are located in pressure 
tubes within the closed, primary cooling system. The reactor and its main 
supporting systems are housed within a thick-walled concrete building and, in the 
case of multi-unit Ontario Hydro stations, connected to a vacuum building by a 
large duct with pressure-relief valves. If a major break occurs in the primary cooling 
system, escaping coolant will rapidly form steam and cause the pressure-relief 
valves to open. The vacuum building is maintained at about one-tenth of 
atmospheric pressure and the radioactive steam is sucked into it. A dousing system 
in the vacuum building will condense the steam, minimizing leakage of radioactivity 
from the containment system to the environment. The final barrier is a 
one-kilometre exclusion zone at the plant boundary which provides for some 
dilution before escaping radioactivity reaches any residential area. 


(4) A particularly important factor is operator training. As reactor accidents in the past 
have shown, serious events almost invariably have a substantial or even dominant 
component of operator error. Ontario Hydro personnel receive at least eight years 
of training and must pass a series of examinations set by the utility and by the 
AECB before being licensed as reactor operators. 


(5) The final factor is fault detection and correction. A continuous program of testing 
and inspection, coupled with automatic fault detection systems, is used to ensure 
the reactor is operating properly and to correct faults that are detected. 


Not all reactor accidents are anticipated or are accorded the correct probability 
of occurrence before the fact. For example, it had been thought that a pressure tube 
failure in a CANDU reactor would be signalled first by a leaking condition, the 
so-called "leak-before-break" assumption. In the event, the failure of the pressure tube 
at Pickering 2 was abrupt — the tube ruptured with no warning of impending failure. 
Nonetheless, operators responded correctly and reactor operation was stopped with 
the normal shutdown system (no recourse to emergency systems was needed) in the 
most serious accident yet in a CANDU reactor. The Pickering 2 pressure tube failure, 
despite its economic consequences, demonstrated the ability of the CANDU system to 
cope with a major loss-of-coolant accident. 


The CANDU reactor requires substantial amounts of heavy water (deuterium 
oxide, D,O) for use both as moderator and coolant. Canada has invested heavily in 


heavy water production facilities in a program that first suffered from an insufficient 
supply of heavy water and later from too much as reactor sales failed to materialize. 


The heavy water production process is based on the behaviour of deuterium in 
a mixture of water and hydrogen sulphide. When liquid water and gaseous hydrogen 
sulphide are mixed, deuterium atoms will move freely between the liquid and the gas — 
toward the gas at higher temperature and toward the liquid at lower temperature. The 
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first and second stages of a heavy water plant consist of exchange towers operated 
with a cold (32°C) top section and a hot (128°C) bottom section. Hydrogen sulphide 
gas circulates upward through the tower and water circulates downward, with mixing 
promoted by a series of perforated trays. The result is an enrichment of deuterium in 
the central section of the tower. 


Hydrogen sulphide gas enriched in deuterium is extracted from the central 
section of the first tower in the train and passes to the second tower for the next stage 
of enrichment. The first stage enriches the hydrogen sulphide gas from 0.015% 
deuterium to 0.07%; the second stage to about 0.35%. A third stage of enrichment 
yields a product containing 10-30% heavy water. The final step is a distillation process 
to finish the output to "reactor grade" heavy water with a purity of 99.75% deuterium 
oxide. The heavy water production process requires that very large volumes of water 
be treated: approximately 340,000 tonnes for every tonne of heavy water extracted. 
(Ontario Hydro, Heavy Water, undated) 


The cost of operating a heavy water plant is largely insensitive to the rate of 
production; that is, very little saving is achieved by running the plant at less than full 
capacity. Thus the unit cost of producing heavy water rises sharply as throughput falls. 
Information on Ontario Hydro's cost of heavy water production and on the federal 
investment in Canadian heavy water development is provided in the section on The 
Economics of Nuclear Power. 


Safety is a central concern at heavy water plants because hydrogen sulphide is 
a colourless, toxic gas that is slightly heavier than air. Plant personnel and nearby 
communities must be protected from dangerous concentrations of this gas. 


AECL has dismantled its Glace Bay and Port Hawkesbury heavy water plants 
in Nova Scotia. Of the four 800 tonnes/year heavy water plants planned by Ontario 
Hydro at the Bruce site, only Bruce Heavy Water Plant (HWP) B is operating. Each 
Darlington reactor will require about one year's output from Bruce HWP B for its initial 
charge of heavy water. Bruce HWP A and D are mothballed; unit C was not 
constructed. The 800 tonnes/year LaPrade HWP at Gentilly is also mothballed. AECL 
is carrying a costly inventory of unsold heavy water that it attempts to market in 
competition with Ontario Hydro. 


Table 1 summarizes the major differences between the CANDU pressurized 
heavy-water reactor system (CANDU—PHWR) and the pressurized light-water reactor 
system (PWR). 
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Table 1: Differences Between the CANDU-—PHWR and the PWR 


CANDU-PHWR 


Natural uranium fuel (0.7% U-—235) 


e 


D,O cooled and moderated 


On-power refuelling 
— higher load capacity factor 
— higher fuel burn-up 
— on-power failed fuel removal 


e 


Pressure tubes 


° 


Larger core size with lower power 
density 


Comparatively higher capital cost 


More complicated plumbing 


e 


Vacuum building at multi-unit stations 


Higher leak-rate containment 


Positive void reactivity coefficient 


Relatively high tritium and carbon—14 
production and emissions 


Shared containment at Ontario Hydro 
stations 


Easily adapted to thorium fuel cycle 


e 


PWR 
Enriched uranium fuel (1-3% U-—235) 


H,O cooled and moderated 


Batch refuelling during shut-down 


Pressure vessel 


Smaller core size with higher power 
density 


Comparatively higher operating cost 
Less complicated plumbing 

Various pressure suppression methods 
Lower leak-rate containment 

Negative void reactivity coefficient 


Low tritium and carbon—14 production 
and emissions 


Separate containment systems 


Not applicable 
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Canadian Nuclear Development 


A. The Power Reactor Program 


Heavy water, DO, was discovered in 1930 and its properties as a neutron 


moderator were soon recognized. Heavy water became a strategic commodity during 
World War II, as both the Allies and the Third Reich laboured to produce the atomic 
bomb. France had bought up world stocks of heavy water on the eve of the war and 
some of these stocks were transferred first to England and then to Canada, where 
Canadian and British research teams worked to construct the first heavy-water- 
moderated reactor. In the meantime, Allied sabotage prevented the Germans from 
getting enough heavy water from the world's only production plant in Norway to 
continue their nuclear research efforts using DO. 


Canada's first nuclear reactor was ZEEP — the Zero Energy Experimental Pile. 
ZEEP was built in Chalk River in eastern Ontario, and became the first functional 
reactor outside of the United States with its startup in September of 1945. Its purpose 
was to confirm design parameters for a larger reactor and to perform tests on a 
heavy-water moderated reactor system. (Thexton, 1987) 


ZEEP was followed by the 20 thermal-megawatt (MWt) NRX (Nuclear Research 
Experimental) reactor which began operation at Chalk River in 1947. This heavy- 
water-moderated research reactor was intended to be a plutonium production unit but 
proved to be an excellent test bed for nuclear fuels and materials research, because of 
its large size and high neutron flux. In December 1952, the NRX reactor was badly 
damaged in an accident caused by operating errors combined with mechanical defects 
in shut-off rods. NRX had no independent fast shut-down system and no containment 
system. Before the chain reaction could be stopped by dumping the moderator, 
extensive damage to structural components and fuel elements occurred, causing the 
release of radioactivity. It took 14 months to rehabilitate the reactor, which re-entered 
service at an upgraded rating of 40 MWt. The NRX accident, Canada's first and most 
serious nuclear mishap, had a major influence on the safety engineering of later power 
reactors. (Thexton, 1987; Ontario, Nuclear Safety Review, 1988d, p. 42) 


The 200 MWt NRU (National Research Universal) research reactor began 
operation in 1957 at Chalk River. The reactor's vertical core was loaded at the top, 
using a 240-ton transfer flask which allowed on-power refuelling. In May 1958, a fuel 
rod broke apart during unloading of the reactor and the resulting contamination caused 
it to be shut down for six months. Unlike NRX which was largely designed by British 
scientists working at Chalk River, NRU was a Canadian-designed, heavy-water- 
moderated reactor. NRX and NRU attracted researchers from several countries. A 
fortuitous aspect of this collaboration was Canada's early access to the use of a new 
zirconium alloy, zircaloy, developed by Westinghouse for the U.S. nuclear submarine 
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program. Zirconium alloys were to make possible the construction of a pressure tube 
reactor. (Thexton, 1987; Bothwell, 1988) 


The next step was construction of a prototype power reactor. AECL, Ontario 
Hydro and Canadian General Electric joined forces to design and build the 22 MWe 
(net) (1) NPD (Nuclear Power Demonstration) unit at Rolphton, Ontario, near Chalk 
River. NPD was owned by AECL and operated by Ontario Hydro. This reactor entered 
service in 1962 and operated until 1987. It is now undergoing decommissioning. NPD 
was designed as a pressure vessel reactor with a vertical core, although Canadian 
engineers were worried that it would prove impracticable to build a pressure vessel 
large enough to contain the core of a commercially-sized, heavy-water-moderated 
reactor. The vessel had already been ordered from Babcock & Wilcox in Scotland 
when zircaloy became available and the design of a pressure tube reactor became 
feasible. Work stopped on the pressure vessel design and NPD was re-engineered as 
a pressure tube reactor. NPD also served as the model for the 125 MWe (net) KANUPP 
station near Karachi, Pakistan. (Thexton, 1987; Bothwell, 1988; Ontario, Nuclear Safety 
Review, 1988a) 


Ontario Hydro and AECL next collaborated in scaling up the NPD design, 
constructing the 206 MWe (net) Douglas Point demonstration reactor on the east shore 
of Lake Huron, north of Kincardine. This site was later to become the location of the 
eight-unit Bruce Nuclear Generating Station. The decision to build was made in 1959 
and the target date for start-up was 1964. Douglas Point was in fact not commissioned 
until 1967, but Ontario Hydro was sufficiently confident in the design that it began work 
on the multi-unit Pickering A station before Douglas Point entered service. This reactor 
also aided Canada in reactor export, serving as the model for the 203 MWe (net) 
RAPP-1 and —2 units, committed in 1963 at Rajasthan, India. 


Because of a shortage in the Canadian supply of heavy water, Douglas Point 
was taken out of service from April to December of 1972, when its inventory of D,O 


was used for Pickering reactor commissioning. The Douglas Point reactor operated 
until May 1984 at which time its owner, AECL, offered the unit for sale to the operator, 
Ontario Hydro. Hydro decided that the reactor's small size, its need for pressure tube 
replacement, and the lack of adequate transmission capacity from the Bruce site made 
continued operation uneconomic. AECL then put the reactor into a permanent 
shutdown condition in January 1985. Douglas Point became the first CANDU-PHWR 
to be placed in a "storage with surveillance" state, a 30-year delay period to be 
followed by reactor dismantling and entombment. The entire inventory of irradiated fuel 
has been placed into concrete canisters for interim, on-site dry storage. This storage 
program is described in the section Radioactive Waste Management in Canada. 
(Canada, AECL, CANDU Operations, "The Douglas Point Story", 1984; Broad, 1986) 


(1) Net generating capacity = gross generating capacity — station service. The net capacity represents the 
electricity available to the grid after the electrical demand and losses of the generating station itself 
have been accounted for. 
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A variant of the heavy-water-moderated reactor system, known as the 
CANDU-BLW, was built by AECL for Hydro-Québec at Gentilly on the St. Lawrence 
River. This 250 MWe (net), commercially-sized prototype power reactor, designated 
Gentilly 1, was moderated by heavy water and cooled by boiling light water. It was a 
back-up design to the CANDU—PHWR in case heavy water coolant losses at Douglas 
Point and Pickering A proved to be uneconomically high. Gentilly 1 retained the 
pressure tube design within a vertical core. By allowing the light water coolant to boil 
within the pressure tubes, reducing its mass and neutron absorption characteristics, 
the reactor could still operate on natural uranium fuel. The reactor control system 
proved to be highly complex, however, and Gentilly 1 experienced a series of design 
and commissioning problems. From entering service in 1972 until its removal from 
commercial operation in 1977, Gentilly 1 ran at full power for a total of only a few 
weeks. The reactor was used for training purposes until 1979, when the decision was 
taken to mothball the station. In 1983, AECL decided to decommission Gentilly 1. The 
spent fuel has been transferred to concrete canisters for interim, dry storage within the 
turbine building. Fortunately for the PHWR design, heavy water losses at Douglas 
Point and Pickering proved to be quite low and interest in the CANDU-BLW type 
disappeared. (Thexton, 1987; Denault and De, 1985) 


Another design approach was embodied in the 40 MWt WR-1 experimental 
reactor constructed at the Whiteshell Nuclear Research Establishment in Manitoba. 
This reactor type was designated CANDU-OCR to indicate that it combined a heavy 
water moderator with an organically-cooled system, using a specially designed light oil 
as coolant. The organic liquid functioned as a more efficient heat transport medium, 
allowing the reactor to operate at higher coolant temperature and achieve a better 
thermodynamic efficiency than the standard CANDU. The organic coolant had the 
additional advantage of developing lower radiation levels than does heavy water 
during reactor operation. This experimental reactor, which ran on an enriched uranium 
carbide fuel, achieved full power in 1965 and operated until 1985. Although the 
Organically cooled reactor was considered to be a promising line of development and 
extensive studies were conducted by AECL into the 1970s, the success of Pickering A 
kept interest centred on CANDU—PHWR. 


Ontario Hydro began building the first of its multi-unit stations, Pickering A, on 
Lake Ontario east of Toronto. Four 515 MWe (net) reactors at Pickering A entered 
commercial service from 1971 through 1973. They were followed by four 740 MWe 
(net) units at Bruce A on Lake Huron (1977-79). Four 516 MWe (net) units were then 
added at Pickering B (1983-85) and four 756 MWe (net) reactors at Bruce B (1984-87). 
The Pickering and Bruce Nuclear Generating Stations rank among the largest nuclear 
generating complexes in the world. Four 881 MWe (net) reactors are under 
construction today at the new Darlington site on Lake Ontario. These units will enter 
service from 1989 through 1992. In 1987, Ontario derived almost half of its electricity 
supply from nuclear units; in 1992, with the completion of Darlington, this share will rise 
to almost two-thirds. 


A notable feature of the larger CANDU units is their conservative design rating. 
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The Bruce A units have already been raised from 740 MWe to 769 MWe (or to a net 
capacity of 848 MW when credit is made for the process steam which these units 
supply to the Bruce Heavy Water Plant). The Bruce B units are being rerated to 875 
MWe in net output. (Ontario Hydro, 1986b, p. 5) 


AECL's next design initiative was the CANDU 600 reactor. This unit combines 
the best elements of the established Pickering and Bruce reactor designs and 
incorporates a number of technological improvements. The CANDU 600 is engineered 
as an individual unit with a conventional containment building, distinct from Ontario 
Hydro's four-unit stations which share a vacuum containment system. Quebec and 
New Brunswick each elected to build one of the CANDU 600 series reactors, 
Hydro-Québec locating its 638 MWe (net) unit at Gentilly and the New Brunswick 
Electric Power Commission (NBEPC) siting its 633 MWe (net) reactor at Point Lepreau 
on the Atlantic coast. Point Lepreau has established an exceptionally good operating 
record with a lifetime capacity factor of 92%. 


At the time that NBEPC completed Lepreau 1, it represented about a 25% 
addition in generating capacity to the New Brunswick Power system. Electrical utilities 
don't normally add generating capacity in increments much larger than about 10% of 
existing system capacity, because of problems in replacing that capacity when the unit 
is down. New Brunswick's extensive system interties with Quebec, Nova Scotia and 
New England allowed it to circumvent this guideline, although not without an increased 
risk to the stability of the New Brunswick grid. 


Three Canadian provinces have thus invested in nuclear-electric generation. 
Ontario will soon be home to 20 operating power reactors: the eight-unit Pickering 
station, the eight-unit Bruce station and the four-unit Darlington station. The Douglas 
Point reactor and the NPD reactor are shut down and decommissioning in Ontario. 
Quebec has built two units at Gentilly: the Gentilly 1 experimental boiling water reactor, 
now decommissioning, and the Gentilly 2 CANDU 600 reactor. New Brunswick has the 
one CANDU 600 unit at Point Lepreau. Since 1962, 21 power reactors have been 
commissioned in Canada, three of which are now being decommissioned, and four 
reactors are under construction. No additional reactor development is committed at this 
time. Table 2 summarizes Canada's domestic history of power reactor development. 


The 18 operating power reactors in Ontario, Quebec and New Brunswick have 
a total net generating capacity of 11,971 MWe (including the uprating of the Bruce B 
units to 875 MWe, which is underway at the time of writing, but not including any credit 
for process steam supplied by the Bruce A units). The four units under construction at 
Darlington will add 3,524 MWe (net) of generating capacity, giving Canada a total 
nuclear-electric generating capacity of 15,495 MWe (net) in 1992. 


For the Ontario multi-unit stations, the capacities are: (1) Pickering A Nuclear 
Generating Station (NGS) = 2,060 MWe; (2) Pickering B NGS = 2,064 MWe; (3) Bruce 
A NGS = 3,076 MWe; (4) Bruce B NGS = 3,500 MWe (upon completion of the 
uprating); and (5) Darlington A NGS = 3,524 MWe. 
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Table 2: Canada's History of Power Reactor Development 


Unit 


NPD 


Douglas Point 


Pickering 1 
Pickering 2 
Pickering 3 
Pickering 4 


Gentilly 1 
Gentilly 2 


Pt. Lepreau 


Pickering 5 
Pickering 6 
Pickering 7 
Pickering 8 


Bruce 6 (b) 
Bruce 5 (b) 
Bruce 7 (b) 
Bruce 8 (b) 


Darlington 2 
Darlington 1 
Darlington 3 
Darlington 4 


Location 
Rolphton, Ont. 
Tiverton, Ont. 


Pickering, Ont. 
Pickering, Ont. 
Pickering, Ont. 
Pickering, Ont. 


Gentilly, Que. 
Gentilly, Que. 


Tiverton, Ont. 
Tiverton, Ont. 
Tiverton, Ont. 
Tiverton, Ont. 


Pt. Lepreau, N.B. 


Pickering, Ont. 
Pickering, Ont. 
Pickering, Ont. 
Pickering, Ont. 


Tiverton, Ont. 
Tiverton, Ont. 
Tiverton, Ont. 
Tiverton, Ont. 


Darlington, Ont. 
Darlington, Ont. 
Darlington, Ont. 
Darlington, Ont. 


Type 
PHWR 
PHWR 


PHWR 
PHWR 
PHWR 
PHWR 


BLW 
PHWR 


PHWR 
PHWR 
PHWR 
PHWR 


PHWR 


PHWR 
PHWR 
PHWR 
PHWR 


PHWR 
PHWR 
PHWR 
PHWR 


PHWR 
PHWR 
PHWR 
PHWR 


Capacity 
(MWe net) 


22 


206 


515 
Sy ka, 
elie) 
Sho 


250 
638 


740 
740 
740 
740 


633 


516 
516 
516 
516 


756 
156 
756 
756 


881 
881 
881 
881 


Operator 
Ont. Hydro 
Ont. Hydro 
Ont. Hydro 
Ont. Hydro 


Ont. Hydro 
Ont. Hydro 


Hydro-Qué. 
Hydro-Qué. 


Ont. Hydro 
Ont. Hydro 
Ont. Hydro 
Ont. Hydro 


NBEPC 


Ont. 
Ont. 
Ont. 
Ont. 


Ont. 
Ont. 
Ont. 
Ont. 


Ont. 
Ont. 
Ont. 
Ont. 


Hydro 
Hydro 
Hydro 
Hydro 


Hydro 
Hydro 
Hydro 
Hydro 


Hydro 
Hydro 
Hydro 
Hydro 


Commercial 
Operation 


1962 
1968 


1971 
1971 
1972 
1973 


1972 
1983 


1977 
1977 
1978 
KE) 


1983 


1983 
1984 
1985 
1985 


1984 
1985 
1986 
1987 


Joos 
1989 
Toot 
loge 


Status 


Shut down 1987 


Shut down 1984 


Operating 
Operating 
Operating 
Operating 


Shut down 1978 


Operating 


Operating 
Operating 
Operating 
Operating 


Operating 


Operating 
Operating 
Operating 
Operating 


Operating 
Operating 
Operating 
Operating 


Construction 
Construction 
Construction 
Construction 


(a) The Bruce A units have been rerated to 769 MWe (including credit for process steam supplied to the 
Bruce Heavy Water Plant, they have a net capacity of 848 MW). 


(b) The Bruce B units are currently being rerated to 875 MWe. 


Source: Canada, AECL, Nuclear Sector Focus, Corporate Public Affairs, Ottawa, September 1987, p. G-4 
and G-5; Ontario, Nuclear Safety Review, The Safety of Ontario's Nuclear Reactors: A Scientific 
and Technical Review. A Submission to the Ontario Nuclear Safety Review by Atomic Energy of 
Canada Limited, Toronto, 29 February 1988, Fig. 2-2. 
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In Ontario in 1987, nuclear-electric generation supplied 47.5% of the electricity 
required to meet customer demand. Fossil-fuelled generation accounted for 23.9% and 
hydro-electric generation for 23.8%. Burning fossil fuels (mostly coal) last year to 
generate electricity caused Ontario Hydro to release about 400,000 tonnes of acid 
gases — sulphur dioxide and nitrogen oxides — to the atmosphere. Although Hydro's 
total acid gas emissions in 1987 were considerably below the peak value of 531,000 
tonnes in 1982, they were nonetheless up sharply from 1986 as a result of dry weather 
and low water levels which depressed hydraulic generation by about 15% and caused 
coal consumption to be almost 50% higher than forecast for 1987. Under new and 
stricter provincial regulations announced in 1985, the utility must lower its acid gas 
emissions to a limit of 215,000 tonnes in 1994. (Ontario Hydro, 1988a) 


Nuclear generation plays a major part in reducing acid gas emissions in 
Ontario. Nuclear power displaced about two-thirds of the acid gases that Ontario Hydro 
would otherwise have released to the atmosphere in 1987 by burning coal instead; 
total acid gas emissions within Ontario were reduced by approximately one-quarter. 


After many years of international development in which reactor size grew more 
or less continuously, it was recognized by AECL that there is also a need for a smaller 
unit. Smaller units carry a lower total price tag (although a higher cost per megawatt of 
installed capacity), thereby representing less of a financial burden and risk. Such units 
can more readily be accommodated in the systems of smaller utilities. The product of 
this approach by AECL to reactor evolution is the CANDU 300, design of which will 
soon be completed. Smaller utility systems, particularly in the developing countries, 
are seen as the market for CANDU 300. 


AECL has simplified the CANDU 300 design in comparison with earlier 
CANDUs. For example, the use of data highways and multiplexers in the CANDU 300 
control systems reduces instrumentation wiring by 80% relative to the CANDU 600. 
Whereas CANDU 600 (which will have a nominal net power output of 750 MW in new 
stations) has four steam generators and four primary coolant pumps, the 300 (with its 
nominal net power output of 450 MW) has two steam generators and two main coolant 
pumps. CANDU 300 will use one refuelling machine instead of the two built into the 
600. Key components such as steam generators, coolant pumps, pressure tubes and 
fuelling machines will be identical to those already proven in service at operating 
CANDU stations. (Brooks and Hart, 1988; Canada, AECL, CANDU Operations, 
undated) 


AECL is responding to a global trend confirmed in a 1985 study by the 
International Atomic Energy Agency (IAEA). The IAEA found that additions to 
generating capacity in the non-Communist world, over the 5-year period 1985-89, 
would most commonly be coal-fired units approximately 400 MW in size. This is the 
market targetted by the CANDU 300, with its nominal net output of 450 MWe. In terms 
of generating capacity, the IAEA review indicated that 39.3% of the additional capacity 
would be nuclear-electric, 38.6% would be coal-fired, 6. 4% would be oil-fired and 
6.3% would be hydro-electric. (Brooks and Hart, 1988) 


39 


Ontario Hydro and Acid Gas Emissions 


Ontario Hydro estimates that its coal-fired stations account for about 20% of Ontario's total 
acid gas emissions — sulphur dioxide (SOs) and nitrogen oxides (NO,) — or 1% of total North 
American emissions. The chart shows Ontario Hydro emissions for 1982-86 and the emission limits 


being applied by the Province of Ontario to the utility (430,000 tonnes of total acid gas emissions 
for 1986-89; 280,000 tonnes for 1990-93; and 215,000 tonnes from 1994 on). 


Ontario Hydro 
1987a, p. 1 
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To decrease emissions, Ontario Hydro has: increased nuclear generation; reduced the 
sulphur content of the coal burned; bought hydro-electricity from Quebec and Manitoba; and 
tested low-NO, burners. Each Pickering reactor displaces about 50,000 tonnes/year of acid gas 


emissions and each Bruce unit about 75,000 tonnes/year. Each new Darlington reactor will avoid 
about 90,000 tonnes/year. Without Pickering and Bruce, Hydro's acid gas emissions would be 
three times current levels. Blending low-sulphur Western Canadian coal with higher-sulphur U.S. 
coal avoids about 90,000 tonnes of emissions annually but costs Hydro an extra $60 million per 
year. Washing most of its purchased U.S. coal reduces the sulphur content of the coal by roughly 
20%. Low-NO, burner nozzles tested at the coal-fired Nanticoke station appear to reduce 


emissions of nitrogen oxides by about 35%. (Ontario Hydro, 1987a, p. 2-3) 


These strategies will not, however, meet the tougher 1994 limit as the demand for electricity 
increases. Ontario Hydro announced in February 1988 that it is seeking government approval to 
install "scrubbers" (flue gas desulphurization units) at its three largest coal-fired generating stations. 
The 2,286 MW Lakeview, the 4,336 MW Nanticoke and the 2,100 MW Lambton Generating 
Stations collectively account for more than 90% of Hydro's coal-fired generation. Four different 
technologies for flue gas desulphurization have been assessed and the merits of each described in 
an environmental assessment submitted by Hydro to Environment Minister James Bradley. The 
scrubbers would be installed in pairs to serve each generating unit and would cost approximately 
$220 million (1987 dollars) per pair. Ontario Hydro may have to retrofit as many as eight 500 MW 
coal-fired generating units at the three stations between 1994 and 2000. Each pair of scrubbers will 
cost up to $12 million to operate per year and a permanent staff of between 50 and 120 people will 
be needed at each station to operate and maintain the scrubbers. (Ontario Hydro, 1988b) 
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To reduce the capital cost of the CANDU 300, AECL has worked out a 
35-month construction schedule — from first concrete poured to full power operation — 
for the first unit on a site and a schedule as short as 30 months for subsequent units. 
This is expected to be achieved through a modular design which limits the weight of 
individual modules to about 300 tonnes (within the capacity of a very-heavy-lift crane) 
and by employing advanced construction techniques. 


AECL has been trying to obtain a domestic sale of a CANDU 300 to NBEPC, to 
demonstrate the viability of the design. Although negotiations are continuing, AECL 
has to date been unable to obtain a commitment from NBEPC to build a CANDU 300. 
New Brunswick Power encountered serious financial difficulty in building Lepreau 1, 
which was both late coming into service and suffered a huge cost overrun, and has 
publicly stated that it will only consider the CANDU 300 if the federal government 
covers the additional capital cost and carrying charges which would arise in adding 
such a unit to its system rather than a 400 megawatt coal-fired unit. The utility claims 
that the additional capital cost, including carrying charges over the amortization period, 
amounts to approximately $1 billion. 


The Committee would like to see an agreement reached, although not at a cost 
of a billion dollars to the federal treasury. If a mutually agreeable arrangement can be 
established, perhaps with AECL holding a minority interest in a second Lepreau unit 
as it does in Pickering 1 and 2, then committing a CANDU 300 for the NBEPC system 
should be an important step to marketing this reactor type abroad. 


Figure 7 outlines the genealogy of the CANDU design, beginning with the 
prototype NPD reactor and carrying through to the study of a 1,250 MW CANDU unit. 


A number of CANDU units have been built in other countries. The sequence of 
design began with the 125 MWe (net) Kanupp unit built near Karachi, Pakistan. This 
reactor went on power in 1971. Two 203 MWe (net) units, Rapp—1 and Rapp-2, 
followed near Delhi in India. Rapp—1 entered service in 1972; Rapp—2 not until 1980. 
This delay reflects Canada's termination of nuclear cooperation with India after it 
detonated a nuclear device in May of 1974. Although cut off from Canadian nuclear 
assistance, India continued to build the CANDU—PHWR system on its own. Since 
Canada ended its nuclear cooperation, India has also completed the Mapp 1 and 2 
and the Narora 1 and 2 units, all similar in output to the Rapp units (and to Douglas 
Point from which these reactors are derived). 


AECL has been successful in selling a series of the CANDU 600 reactors 
abroad. Two of these units are already operating: the 600 MWe Cordoba unit at 
Embalse in Argentina and the 629 MWe Wolsung unit in South Korea. Five CANDU 
600 units are being built in Romania, Cernavoda units 1-5. The Romanian program is 
falling behind schedule because of that country's insistence on domestic content. 
Romanian manufacturing has been unable to fabricate nuclear components of 
consistently high quality and the rejection rate has been excessive. 
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Figure 7: The Development Sequence of the CANDU Reactor System 


| 
CANDU 1250 MW study 
ene 
CANDU 950 


CANDU 1100 


4x 881 MW 
gis x 600 MW 
i be 600 MW 
iti Point Lepreau | 633 mw CANDU 600 
~ Gentilly-2 © 638 MW 
Llaxsismwo OTT 
nie ie Pickering A |) Pickering B 4x 516 MW 
f Jk, CANDU 300 
~ RAPP-1 = RAPP-2 | 2x 203 MW 
Research 
Reactor 
Input 
1950 1960 1970 1980 1990 


Year 


Source: Meneley, Daniel A., "Ontario Hydro's CANDU Nuclear Stations: An Outline of Safety-related 
Design Aspects" in Ontario, Nuclear Safety Review, The Safety of Ontario's Nuclear Power 
Reactors: A Scientific and Technical Review. Vol. 2 Appendices, Appendix |, Toronto, 29 
February 1988, p. 1/2. 


A manpower problem is developing largely unremarked in the Canadian 
nuclear program. There is a growing shortage of professional and technical personnel 
in the nuclear field — Ontario Hydro, AECL and industry are all experiencing increasing 
difficulty in staffing. Highly trained personnel sense a loss of purpose in the nuclear 
program and see dwindling opportunities for advancement as the power program 
contracts; some are already leaving the field for employment elsewhere. Added to this 
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is the normal attrition in the workforce through retirement and career changes. 
Canadian universities and technical schools are not producing the next generation of 
professional and technical people in the numbers required to maintain the nuclear 
program in its present form. Once again, Canada is facing the prospect of importing 
this expertise, as it did in the early years of domestic nuclear development. 


Temporarily masking this manpower situation is the recently completed 
management study by Cresap, a New York consulting firm, that concluded 10% of 
Ontario Hydro's employees were redundant, and should be retrained and redeployed 
within the utility. Hydro has instituted a hiring freeze while studies continue on 
improving productivity. 


B. The Regulatory Regime and Nuclear Liability 


Licensing the Canadian nuclear industry is the responsibility of the Atomic 
Energy Control Board (AECB), established in 1946 by the Atomic Energy Control Act 
and headquartered in Ottawa. The AECB licenses power reactors, research reactors, 
particle accelerators, uranium mine/mill facilities, uranium refining and fuel fabrication 
facilities, heavy water plants and radioactive waste management facilities. Two 
advisory groups — the Advisory Committee on Radiological Protection and the Advisory 
Committee on Nuclear Safety — assist the AECB in its work. 


The AECB issues two types of licences: (1) prescribed substances licences, of 
which there were 47 in effect at 31 March 1988; and (2) radioisotope licences, of which 
there were 4,858 in effect. Prescribed substance licensing covers uranium, thorium 
and heavy water. Radioisotope licences are distributed by type of user as shown in 
Table 3. Ontario users hold the largest number of radioisotope licences (2,136), 
followed by Quebec (1,060), Alberta (589) and British Columbia (452). (Canada, 
AECB, 1988) 


During fiscal year 1987-88, the AECB conducted 2,800 inspections of 
radioisotope users to verify compliance with Atomic Energy Control Act Regulations 
and licence conditions. Thus many licence holders are inspected less frequently than 
yearly. Devices such as smoke detectors are exempt from licensing because the 
quantity of radioactivity is very small and the detector is desgned to contain it safely. 


The AECB is also responsible for administering the Nuclear Liability Act of 
1970. The Board designates nuclear installations and, with the approval of Treasury 
Board, prescribes the amount of basic public liability insurance to be maintained by the 
operator of each facility. This coverage is intended to meet claims by the public in the 
event of a nuclear accident — it cannot be used to repair the operator's damaged 
facilities. The Nuclear Insurance Association of Canada (NIAC), a consortium of 
insurance companies licensed to do business in Canada, is the only approved 
commercial source from which the operator of a designated nuclear facility can obtain 
liability insurance. 
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Table 3: Radioisotope Licences in Effect in Canada by Type of User on 31 March 1988 


Type of User Number of Licences 
Hospitals and other medical institutions 732 
Universities and other educational institutions 328 
Governments Sen! 
Commercial 

Oil well logging 101 

Radiography 190 

Gauging 1,428 

Static eliminators (His 

Suppliers 209 

Others 538 
Total number of radioisotope licences 4,858 


Source: Canada, AECB, Annual Report 1987-88, Ottawa, 1988, p. 6. 


The cost to the operator of annual insurance premiums depends upon such 
factors as population density and land values in the vicinity of each facility. No 
accidents at Canada's power reactors have occurred which have had an adverse 
effect on the public and consequently no claims have been made against any of the 
three utilities operating power reactors. Table 4 indicates the basic insurance coverage 
for each designated nuclear installation in Canada. 


In 1986, Ontario Hydro paid $1.733 million in premiums to provide the liability 
coverage for its power reactors. In 1987, the premiums totalled $1.7 million, reflecting 
the return of the Douglas Point reactor to AECL in October of 1986. The 1987 
premiums were distributed as follows (Ontario Hydro, 1987a, p. 96): 

Pickering A and B Generating Station — $1,064,000 

Bruce A and B Generating Stations — $603,000 


NPD Generating Station (recovered from AECL) — $33,000 
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Table 4: Basic Liability Insurance Coverage on Canadian Nuclear Facilities, as of 
31 March 1988 


Installation Basic Insurance 
Bruce A Generating Station (4 units) $75.0 million 
Bruce B Generating Station (4 units) $75.0 million 
Gentilly 2 Nuclear Power Station (1 unit) $75.0 million 
NPD Generating Station (1 unit) $23.4 million 
Pickering A and B Generating Stations (8 units) $75.0 million 
Point Lepreau Generating Station (1 unit) $75.0 million 
University of Alberta SLOWPOKE Reactor $0.5 million 
Dalhousie University SLOWPOKE Reactor $0.5 million 
McMaster University Research Reactor $1.5 million 
Ecole polytechnique SLOWPOKE Reactor $0.5 million 
Saskatchewan Research Council SLOWPOKE Reactor $0.5 million 
University of Toronto SLOWPOKE Reactor $0.5 million 
Eldorado Resources Limited Port Hope Refinery $4.0 million 
Zircatec Precision Industries Inc. Port Hope Fuel Fabrication Plant $2.0 million 


Note: In the case of power reactors, a nuclear facility is considered to include all of the reactors sharing a 
containment system. Thus Lepreau 1 is one facility, as are the eight reactors at Pickering which are 
all connected to one common containment system. Bruce consists of two facilities for the purposes 
of the Act since each set of four units shares a containment system. 


Source: Canada, AECB, Annual Report 1987-88, Ottawa, 1988, p. 24. 


NIAC does not provide all of the insurance coverage for nuclear facilities that is 
required under the Act and the federal government therefore maintains a Nuclear 
Liability Reinsurance Account, forming part of the Consolidated Revenue Fund. As of 
31 March 1988, the supplementary insurance coverage provided by the Government of 
Canada under the Nuclear Liability Act is $641.6 million. This reinsurance extends the 
coverage on each nuclear facility to $75 million as required by the Act (thus a 
SLOWPOKE research reactor or a fuel fabrication plant is covered to the limit of $75 
million by the federal reinsurance). The federal reinsurance coverage also includes 
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risks which have been excluded by NIAC as the principal insurer. NIAC will not cover 
damages arising from normal operating emissions at nuclear facilities, and will not 
insure the difference between bodily injury and personal injury (which means that 
claims for mental or psychological injury are excluded from NIAC coverage). The 
Government of Canada assumes these risks through its supplementary coverage. 
(Personal communication: Bob Blackburn, AECB, 11 July 1988) There have been no 
claims to date against the Nuclear Liability Reinsurance Account. 


In the event of a nuclear accident in which public liability claims are expected to 
exceed the prescribed limits, the Nuclear Liability Act specifies that a Nuclear Damage 
Claims Commission be established to settle all claims arising from the accident. If the 
settlements exceed the liability coverage, Parliament must authorize any additional 
payments. Under Canadian law, all liability claims are directed at the operator of the 
facility. Neither the public nor the operator may sue a supplier for liability arising from a 
nuclear accident (although an operator can sue a supplier on other grounds). The 
claimant must prove that damage or injury was caused by the nuclear accident at the 
operator's facility. This is not necessarily a straightforward matter, since radiation- 
induced cancers may not appear until 20 or 30 years after exposure (there is a 10-year 
time limit in the Act for applying for compensation) and it may be difficult or impossible 
to establish cause and effect. 


In April 1987, Energy Probe launched a legal challenge to the Nuclear Liability 
Act in the Ontario Supreme Court, arguing that the Act violates certain provisions of the 
Canadian Charter of Rights and Freedoms. Specifically, Energy Probe claimed that the 
time allowed under the Act for an individual to bring an action is unreasonably short; 
that the Act limits the total amount of compensation available to individuals suffering 
personal injury or property damage; that the Act shields nuclear suppliers and 
designers of equipment and products from any liability caused by a nuclear accident 
for which they may be responsible due to neglect or willful wrongdoing; and the Act 
removes the threat of greater liability as an incentive for suppliers and operators to 
reduce the risk of occurrence of nuclear accidents. In September 1987, an Ontario 
Supreme Court judge ruled that the court action was premature and based ona 
hypothetical argument, and that Energy Probe lacked the status required to pursue the 
action. Energy Probe has in turn appealed the case to the Court of Appeal of the 
Supreme Court of Ontario, where the matter awaits resolution. (Ontario Hydro, 1987a) 


The Committee also has concerns about the provision of nuclear liability 
insurance in Canada, and has concluded that the current coverage is inadequate. In 
view of the claims arising from the Three Mile Island reactor accident (for which the 
Committee has been advised that liability claims now exceed $US 1 billion) and the 
Chernobyl accident (for which reports suggest damages approaching $US 3 billion), a 
maximum liability in Canada of $75 million does not accord with experience in dealing 
with such events. West Germany, which has never had a serious accident in its nuclear 
power program, has a limit on operator (utility) liability approximately ten times that of 
Canada. In the United States, a shared total liability carried by the operators of all 
American power reactors under the Price-Anderson Act will be raised to about $US 7 
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billion, once Congress renews the Act (which expired in August 1987). Each reactor 
operator will be liable for an amount of up to $US 60-63 million per reactor, to be paid 
in annual post-accident installments of $US 10-12 million into a compensation fund 
following an accident causing public harm (the amounts depending on the version of 
the bill adopted). Private insurance covers the first $US 160 million of public liability. 


The Committee is not prepared to recommend what the increased level of 
Canadian public liability should be for operators of designated nuclear facilities, 
beyond observing that current limits are inadequate. The Committee was advised that 
an Interdepartmental Working Group has completed a review of the Nuclear Liability 
Act, including the adequacy of the prescribed insurance levels, and will be reporting its 
findings soon to the President of the AECB. The Committee hopes that the result of this 
review will be a greater degree of financial protection for the public, in the unlikely 
event of a serious accident at a Canadian facility. 


Among its other responsibilities, the Atomic Energy Control Board ensures that 
Canada adheres to international protocols. on nuclear safeguards. Canada is a 
signatory of the Treaty on the Non-Proliferation of Nuclear Weapons (usually referred 
to as the Non-Proliferation Treaty or NPT) and as such is a party to a safeguards 
agreement with the International Atomic Energy Agency. AECB, jointly with AECL, 
administers the Canadian Safeguards Support Program which assists the IAEA in 
improving safeguards approaches and techniques. Recent work under this Program 
has concentrated on improving the reliability of safeguards equipment installed at the 
four CANDU 600 reactors and completing the development of other safeguards 
equipment for these reactors. (Canada, AECB, 1988) 


The Committee is disturbed, however, by reports from various quarters that the 
Atomic Energy Control Board lacks the financial and manpower resources to discharge 
its responsibilities fully. The AECB, appearing before this Committee in regard to its 
1988-89 Main Estimates, stated that it needs a 50% larger budget if it is to fully carry 
out its present set of responsibilities. [About five years would be required for the AECB 
to absorb an increase in funding and related staffing of this size.] The AECB has fallen 
behind on its nuclear safeguard commitments to the IAEA because it lacks the 
resources to institute the programs and install the monitoring equipment which Canada 
has agreed to (a problem compounded by the recent funding cuts to AECL which 
administers this program jointly with AECB). The AECB has been unable to perform the 
independent R&D which it considered appropriate in regard to the metallurgical 
problems encountered in the pressure tubes of certain CANDU reactors. 


The Committee has also learned that staff shortages at the Board are causing 
licensing and other delays. AECL has requested that the AECB study the generic 
licensing of the CANDU 300 reactor system, an important marketing consideration for 
AECL. AECB has a large amount of work to do for the Darlington start-up, however, 
and a "paper reactor" study does not have the same priority so the CANDU 300 
licensing study has not begun. In another example, the University of Sherbrooke will 
be applying to the AECB to build a SLOWPOKE reactor. This application will also face 
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delay because the Board's work on power reactor applications takes precedence. 


The Committee concludes that this shortage in resources at the AECB is 
intolerable in view of the importance of its regulatory function. The Committee believes 
that there are two steps to be taken to rectify this situation. First, the implementing 
legislation for the AECB should be altered to allow the Board to recover part of the 
costs of its licensing activities. [Although the Committee would prefer to see the AECB 
recover the greatest share possible of its costs through cost-recovery mechanisms, it 
does not believe that any useful purpose is served by arbitrarily stating that the Board 
must achieve full cost recovery.] If partial cost recovery alone does not provide 
sufficient additional funds, then the Parliamentary appropriation for the Board should 
be increased such that the AECB can fully discharge all of its responsibilities. 


The Committee agrees with the view that both AECL and the nuclear industry 
have in the past not done a particularly effective job of educating the public about 
nuclear power. The advertisements and information kit recently produced by the 
Canadian Nuclear Association are a step in this direction, but the Committee believes 
that much more remains to be done if the public is to become well informed about 
Canada's nuclear power program. The Committee sees a role for the AECB to play in 
an objective public education program and recommends that such a function be 
established at the Atomic Energy Control Board. 


C. The Radionuclide Business 


The use of radioactive materials in medical applications dates back to the late 
19th century. Wilhelm Roentgen discovered X-rays in 1895 and Henri Becquerel 
detected radioactivity in a sample of pitchblende in 1896. Pierre and Marie Curie 
achieved the chemical separation of radium from pitchblende, and for the first time a 
concentrated source of radioactivity became available. 


Radiotherapy began in the closing years of the 1890s, when it was realized that 
radiation had biological effects. Superficial cancers were treated with radium before 
the turn of the century, but ignorance of the dangers of radiation led to the 
overexposure of both patients and practitioners during diagnostic and therapeutic 
work. 


Scientists soon learned that there were at least three different types of radiation 
released by radioactive elements. These were called alpha, beta and gamma rays, 
corresponding to the first three letters in the Greek alphabet. Alpha radiation is the 
least penetrating, beta radiation is somewhat more penetrating, while gamma radiation 
is highly penetrating and requires the greatest amount of shielding for protection. 


It was recognized that radiotherapy required the application of carefully 
controlled doses of radiation and, with the development of the X-ray tube in the 1920s, 
it became possible to design machines that possessed the required degree of flexibility 
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and control. World War II development of microwave technology and high-power 
radiofrequency generators led to the successful operation of microwave linear 
accelerators and their application to medical and industrial uses. 


In Canada, a Commercial Products group was formed in 1946 within Eldorado 
Mining and Refining Ltd. to sell radium as a by-product of Eldorado's uranium 
business. Radium is very limited in supply, however, and it quickly became apparent 
that new products would be required for the burgeoning radiotherapy business. In 
1947, the NRX research reactor was completed at Chalk River. This reactor, with its 
high neutron flux, allowed the production of a variety of radionuclides at activity levels 
higher than available elsewhere. In particular, the production of cobalt-60 provided the 
Commercial Products group with the new product required to replace radium. In 1949, 
Commercial Products began marketing radioisotopes produced by the NRX reactor. 
When Atomic Energy of Canada Limited was formed in 1952, Commercial Products 
was transferred from Eldorado to AECL. 


In 1951, the group produced the first commercial unit to house cobalt-—60 for 
cancer therapy. AECL has continued to develop its line of cobalt-60 machines, most 
recently adding the Theratron—C therapy unit. The company has introduced a fully 
integrated and computerized radiotherapy planning system (marketed as 
THERAPLAN) and a three-dimensional dosimetry unit for radiation beam analysis 
(marketed as THERASCAN). Today, there are more than 3,000 units in use for cancer 
treatment around the world. AECL Medical has designed and built the majority of these 
machines, as the world's largest manufacturer of cobalt—60 radiotherapy machines. As 
of May 1988, AECL Medical had installed 1,675 cobalt-60 units. These units had 
treated approximately 9.2 million patients and had added an estimated 13.8 million 
years of life to the 50% of the patients for whom treatment was deemed successful 
(adding an average of three years to the survival of these patients). 


Canada is the world's largest supplier of cobalt-60, providing about 80% of this 
man-made radioisotope. Cobalt-60 is produced by irradiating natural cobalt-—59 in a 
reactor and Ontario Hydro is AECL's principal supplier. The cobalt is sealed in zircaloy 
tubes which are vertically suspended in the CANDU reactors. The cobalt is irradiated 
for about one year during normal reactor operation and removed from the reactor 
during planned maintenance outages. Ontario Hydro then ships the cobalt to the 
Radiochemical Company. 


Most cobalt—60 is used in the treatment of cancer but Ontario Hydro estimates 
that about 5% of the current market for this radionuclide is represented by food 
irradiation. Food irradiation is not done commercially in either Canada or the United 
States at this time but the technology is being applied in China, Japan and some 
European countries. Among its uses in this field are the elimination of salmonella in 
poultry and seafoods, the inhibition of fruit ripening and the elimination of the parasite 
Trichinella spiralis in pork. (Ontario Hydro, 1987a) 


The need for self-contained irradiation units to conduct experimental work on 
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the effects of gamma radiation on various materials was recognized more than 30 
years ago. A prototype gamma irradiation cell — the Gammacell 220 — was exhibited in 
New York in 1956 and was the precursor of both research irradiators and gamma 
irradiation processing on an industrial scale. As of early 1986, there were 132 
industrial gamma irradiators operating in 39 countries. By far the largest supplier of 
these units was AECL Radiochemical Company, with 71 units installed in 29 countries. 
The closest competitors were the Soviet Union with 11 in domestic use, Marsh of 
England with nine units (four operating in the United Kingdom and five abroad), 
Commissariat a I'Energie Atomique (CEA) of France with five units (three domestic and 
two abroad), and Radiation Sterilizers of the United States with five units in domestic 
service. (Canada, AECL, RCC, 1986) 


Another area of application of irradiation is in radiation processing, which refers 
to the use of ionizing radiation from electron beam and gamma ray sources to initiate 
chemical changes in polymeric material or to destroy harmful microorganisms. The 
three main applications of radiation processing are: 


1. sterilization of medical goods and preservation of food products; 
2. treatment of polymers; and 


3. curing of surface coatings. 


There has been an enormous increase in the use of radiation to sterilize 
medical disposable goods since 1960. Gamma irradiation is preferred for thicker 
materials, where deep penetration is required, and electron beam equipment is 
preferred where the product is relatively thin. Food irradiation to inhibit sprouting, kill 
insects or enhance preservation is a controversial but promising application with a 
huge potential. Similarly, the treatment of wastewater and sludges by irradiation to kill 
pathogens is another potentially large area of application. 


Polyethylene, polyvinylchloride, polyester and fluoropolymers are some of the 
plastics which can be used in irradiated products. Most natural and synthetic rubbers 
can be vulcanized by radiation. Radiation curable coatings — inks, adhesives, fillers 
and top coats — are finding progressively wider use in manufacturing. 


The road to the present for AECL's Radiochemical Company was not 
uneventful. In the 1960s, a new technology — the linear accelerator or "linac" as it is 
sometimes termed — began to challenge cobalt-60 as the preferred means of treating 
cancers. By 1972, RCC had concluded that it needed to develop accelerators if it was 
to remain in the forefront of radiotherapy. Using profits from other parts of its 
operations, RCC worked on an advanced linear accelerator which it named the Therac 
25 (T-25). The T-25 was supposed to become the new standard in linacs, being 
smaller, more powerful and less expensive than other accelerators on the market. 
Unfortunately, T—25 turned out to be a financial drain, drawing in profits from other 
operations as the design proved to be much more difficult than expected to perfect. The 
cost of the T-25 rose to a million dollars a unit, which meant that it could only reach a 
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limited market. As one observer described the situation, "The T—25 was a technological 
marvel and an economic nightmare." 


In the early 1980s, the Radiochemical Company reached a crisis. The solution 
embarked upon was to create a new division, AECL Medical Products, which 
contained the money-losing accelerator work, cobalt therapy, medical simulators, 
treatment planning and manufacturing. RCC would remain the home of the profitable 
radioisotope business. AECL would withdraw from accelerator development. The 
Medical Products division came into existence in January 1985 and was in effect given 
one year to prosper. In a remarkable combined effort by the AECL board, 
management, union leaders, professionals and unorganized employees, AECL 
Medical did just that, although at the cost of trimming half of its former staff. 


AECL Medical established the feasibility of a simple and inexpensive yet high- 
quality cobalt therapy unit for use in developing countries and in rural hospitals. 
Named the Phoenix to symbolize the hoped-for revival, a prototype was produced in 
just eight weeks. Another group of employees streamlined the existing cobalt therapy 
business, cutting costs and improving service. Excess capacity in AECL Medical's 
manufacturing capability began to be contracted out. As its advertising brochure states: 
"The Medical Division of Atomic Energy of Canada Limited is proud to offer a complete 
range of modern manufacturing facilities for your products or components through 
sub-contracting." 


The result was a turnaround in the division's fortunes. After cutting its personnel 
from 486 at the beginning of 1985 to 244 fourteen months later, AECL Medical was 
working overtime by early 1986. A year later, the division had shown six consecutive 
months of profits and was rehiring some of its former employees. 


Today, both the Radiochemical Company and AECL Medical are slated for 
privatization. RCC is to be sold to outside interests, with the proceeds of the sale 
accruing to the federal government. AECL Medical will be first offered for sale to its 
own managers and employees. Failing this, it will also be sold to outside interests. 


While the Committee applauds the initiative that both of these divisions have 
shown in achieving their profitable positions, it is concerned that selling profitable 
elements of AECL will erode the financial position of the remaining components of the 
Corporation. How will the basic and applied research that AECL performs in the 
national interest be sustained if federal funding is reduced at the same time that 
profitable parts of the company are being sold off? The Committee is also concerned 
that enterprises developed in part at taxpayer expense and involving world-leading 
technology might be bought up by foreign interests. 


The Committee recommends that the federal government enable AECL to hold 
an interest in private companies. If AECL were to retain a minority interest in a 
privatized Radiochemical Company and in an employee-owned Medical Products 
Division, it could continue to receive some financial benefits from the radionuclide 
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business that it had built up over 35 years. Customers would know that the parent 
company continues to have a direct interest in the success of the privatized RCC and 
AECL Medical. AECL's reputation in the international radionuclide business is held in 
high regard. At the same time, the RCC and AECL Medical could operate as private 
entities to joint venture, make acquisitions and move quickly on business opportunities 
which as part of a crown entity they cannot do. The Committee also recommends an 
explicit prohibition on foreign control of the RCC and AECL Medical, such as is 
embodied in frontier petroleum development. The Committee is not opposed to foreign 
interests holding a minority share in these privatized companies, but does not want to 
see the controlling interest leave Canada. 


The radionuclide business is very much an international activity, one which 
AECL has carried on in more than 100 countries. From its base in Canada and five 
regional offices in the United States, the company is considering expanding its 
operations to a regional office in Europe, and thereafter into selected parts of the 
developing world. As such, AECL needs much more flexibility in its decision-making 
and financing than is currently the case. The Committee sees the virtue in privatizing 
these operations, but believes that these advantages can still be enjoyed while 
allowing AECL a residual role in the new entities. 


Table 5 lists the principal radionuclides that have been applied by AECL to 
medical and industrial uses. 


The medical applications of radioactivity have become very broad in recent 
years, and the use of industrial radioisotopes has also shown strong growth. In new 
albeit controversial areas of application, there are major opportunities open to AECL or 
its offspring. Food irradiation is an application of radioisotope technology which has 
generated recent debate, although it is clear that new approaches are needed to 
reduce food losses in storage, especially in the developing countries. lonizing 
radiation passing through food leaves no residual radioactivity but does produce 
chemical changes. A 1986 report by the Advisory Committee on Irradiated and Novel 
Foods in the United Kingdom concluded that "there are no toxicologically significant 
qualitative differences between the radiolytic products in irradiated foods and the 
products in conventionally-processed foods, and that the chemical changes produced 
by irradiation of food are usually less than the changes found in foods processed by 
conventional methods whose safety is accepted" (Canada, Science Council, 1987, p. 
9). Irradiation does alter the taste and texture of some foods and is not suitable for 
processing all food products. As is the case with other forms of food processing, 
irradiation does cause some nutritional loss. 


Less well known is the application of radioactivity to the treatment of 
wastewater and sewage sludge, to counteract the pathogens which make them 
hazardous to humans. The Committee hopes that Canada will play an important role in 
these beneficial applications of radioactivity as it has in radiotherapy. 


Table 5: Radionuclide Production and Use 


Radionuclide 


Cobalt—60 


Molybdenum-99 


lridium—192 


Xenon-133 


lodine-—131 


lodine—125 


Carbon-14 


Thallium—201 


Gallium—67 


lodine—123 


Half-Life 


5.3 years 


66 hours 


72 days 


5 days 


8 days 


60 days 


5,500 years 


73 hours 


78 hours 


13 hours 


Type of 
Radiation 


Gamma 


Gamma 


Gamma 


Gamma 


Gamma 


Gamma 


Beta 


Gamma 


Gamma 


Gamma 
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Principal Uses 


Sterilization 

Food irradiation 
Waste treatment 
Industrial radiography 
Gauging devices 


Raw material for the Technetium—99 
(half-life 6 hours) generator; used in 


brain, bone, lung and kidney scans 


Industrial radiography 
Pipeline weld inspection 


Lung scanning 

Thyroid imaging and therapy 
Clinical laboratory test procedures 
Radioimmunoassay 

Synthesis of radioactive organic 
compounds for biochemical, 
biological and chemical research 
Cardiac imaging 


Soft tissue tumor and abscess 
detection 


Thyroid imaging 
Experimental nuclear medicine 
Brain and heart studies 


Source: Information sheet provided by AECL Radiochemical Company. 


Origin 
Power and 


research 
reactors 


Research 
reactors 


Research 
reactors 


Research 
reactors 


Research 
reactors 


Research 
reactors 


Research 
reactors 


Cyclotron 


Cyclotron 


Cyclotron 
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D. Spin-off Technologies 


The Committee was not able to conduct a comprehensive review of new 
technologies which have been an outgrowth of Canada's nuclear power program. 
Members were able, however, to see selected examples of spin-off technologies and 
gain an appreciation of how the quality assurance standards developed by nuclear 
suppliers have benefitted Canadian manufacturing more generally. Several of these 
technologies and applications are briefly described in this section. 


In its visits to Chalk River Nuclear Laboratories (CRNL), to AECL's Ottawa 
facilities, to CANDU Operations in Mississauga and to selected private sector 
companies in Ontario, the Committee was impressed with the less visible but 
nonetheless valuable offshoots of the domestic nuclear program. These activities, 
many of which are non-nuclear in character and application, are also at risk if the 
nuclear power program were to be phased out. 


The SLOWPOKE Energy System is a heat generation and distribution system 
based on the SLOWPOKE thermal reactor. The original SLOWPOKE was developed in 
1968-69 at Chalk River as a 20 thermal kilowatt pool-type reactor. The prototype began 
operation in 1970 and an additional eight units have subsequently been put into 
service. These SLOWPOKE research reactors are located at the University of Toronto, 
Ecole polytechnique, Dalhousie University, the University of Alberta, the Saskatch- 
ewan Research Council, the University of the West Indies in Jamaica, the Royal Military 
College in Kingston, and the Radiochemical Company in Kanata. All of these reactors 
are licensed to operate unattended for periods up to 24 hours, although they are 
remotely monitored. Seven of the SLOWPOKEs operate on a highly enriched (93% 
U—235) fuel; the eighth and most recent uses a 20% U-—235 fuel. All future SLOWPOKE 
research reactors will be fuelled with the less enriched uranium. (Lynch et a/, 1986) 


In temperate countries, more than 25% of primary energy consumption is in 
heating buildings. AECL has developed the SLOWPOKE Energy System for use in a 
district heating application, based on a 10 MWt heat source. The larger SLOWPOKE 
has the same main technical features as the smaller research reactor: it operates at 
atmospheric pressure without the need for a pressure vessel; heat transport occurs by 
natural convective cooling without the need for pumps; the reactor core is surrounded 
by a beryllium reflector to conserve neutrons; the reactor is remotely monitored and 
does not require an on-site operator; and the design is intended to be inherently safe. 
Inherent safety means that radiological protection is provided by the intrinsic 
characteristics of the reactor and does not depend upon engineered safety systems or 
operator intervention. The reactor has a negative reactivity coefficient, limiting power 
transients if reactor regulation is lost. A double containment system — made up of a 
steel liner and a surrounding concrete vault — prevents loss-of-coolant accidents. An 
air gap between the two containers is monitored for coolant leaks. The top of the 
reactor is enclosed by a steel cover plate to contain any radioactive gases escaping 
from the pool. The SLOWPOKE Energy System will run on a 4.9% U-—235 enriched 
uranium, contained in 16 fuel bundles. Assuming a 50% annual load factor, the fuel 
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will need to be replaced every six years. (Lynch et al, 1986) 


A 2 MWt demonstration unit has been constructed at Whiteshell Nuclear 
Research Establishment (WNRE) and will be operated to validate the design. The 
SLOWPOKE Energy System is claimed to be economically competitive with 
conventional heating in most regions of Canada. AECL calculates that heat can be 
supplied at a cost as low as 1.2 cents/kWh; a 10 MWt unit operating at a 40% load 
factor would supply heat at approximately 2 cents/kWh. This is said to be competitive 
with oil-fired systems with oil prices as low as $C 15 per barrel. The simplicity of the 
design with its elimination of pressurized systems and the short construction time 
(estimated at about one year) are the primary factors contributing to the low capital 
cost. (Lynch, 1987) 


The SLOWPOKE Energy System is being developed in the Local Energy 
Systems Business Unit of AECL's Research Company at CRNL. Joint feasiblity studies 
between AECL and South Korea, China and Hungary have been started; Turkey, 
Romania and Yugoslavia have expressed interest in the concept. 


The Research Company has developed high-performance and high-reliability 
pump seal technology which is now finding application in the U.S. space program. 
Failure of twin O-ring seals on the solid rocket boosters which lift the shuttle into space 
has been cited as the cause of the Challenger accident in 1986. The O-rings, made of 
synthetic rubber, are intended to prevent the escape of hot rocket gases through joints 
between the segments of the rocket boosters. Morton Thiokol Inc. of the United States, 
prime contractor to NASA for the solid rocket boosters, has contracted with AECL to 
draw upon the Company's expertise in fluid sealing technology. AECL's ability to field 
a multi-disciplinary team to work on the problem was an important factor in CRNL's 
winning the contract. (Canada, AECL, Research Company, 1987b) 


A particularly interesting line of research at CRNL is investigating the link 
between cancer proneness and faulty DNA metabolism. Most human malignancies are 
believed to involve environmental factors in part, factors over which an individual may 
be able to exert some control. The concept of "equal exposure — equal risk" assumes a 
homogeneous response of individuals to cancer-causing agents. There is growing 
evidence, however, that there are subgroups within the human population with an 
abnormal sensitivity to specific carcinogenic agents. The varying ability of individuals 
to repair damage to DNA and restore normal DNA structure and function appears to be 
a determinant of the risk to those individuals from different cancer-causing agents. 
Scientists at Chalk River are attempting to devise tests which can be used to screen 
population groups and identify those who are at greater risk. For example, an 
individual abnormally sensitive to the effects of radiation should not be employed in an 
environment where he or she would be exposed to elevated levels of radioactivity. 
Similarly, an individual prone to develop cancer from overexposure to sunlight should 
avoid certain outdoor occupations. Such knowledge could be used to develop better 
Strategies for the protection of human health, especially against occupational health 
hazards. (Gentner and Morrison, 1987) 


Figure 8: The SLOWPOKE Energy System 
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Source: Lynch, G.F., SLOWPOKE Energy System: Nuclear Technology in Local Energy Supply, Local 
Energy Systems Business Unit, Whiteshell Nuclear Research Establishment, Atomic Energy of 
Canada Limited, Pinawa, Manitoba, February 1988, p. 5. 
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The SENSYS Business Unit of AECL, located in Nepean, Ontario, has 
developed an intelligent sensor system called Ferroscan. This real-time on-line sensor 
monitors the accumulation of iron wear debris in lubricating oil systems. Connected in 
groups and using appropriate software, Ferroscan sensors allow the user "to map 
equipment condition trends, plan for accurate maintenance schedules, and compare 
performance between operating units." By monitoring the rate and severity of wear in 
oil-wetted components, Ferroscan can detect the onset of equipment failure. Unlike 
other sensing systems, Ferroscan will measure accurately in oil-air systems containing 
up to 90% air. A particularly promising application is wear monitoring in military and 
commercial aircraft engines, although the technology potentially has a great range of 
use. SENSYS is also working on a variety of other sensor systems. 


Chalk River Nuclear Laboratories and Inco Limited have teamed to produce an 
innovative piece of equipment known as the acoustic borehole meter. The meter, 
which resembles a bullhorn, is used to measure boreholes for depth, blockage and the 
presence of fissures along the length of the borehole. The battery-operated meter is 
said to work on any hole measuring 4 to 10 inches in diameter and 30 to 400 feet in 
length. It can determine if the borehole is blocked or open. Its principal application will 
be in accurately placing explosive charges to improve blasting efficiency in mining 
operations. (Canada, AECL, Research Company, undated) 


CRNL has also developed a line of conventional and special-purpose eddy 
current probes to detect defects in metal tubes. Chalk River offers to custom design 
probes for those users with specific inspection problems. (Canada, AECL, Research 
Company, 1987a) 
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World Nuclear Power Development 


The Committee selected four foreign countries for review of their nuclear power 
programs, to provide a broader perspective from which to examine the Canadian 
situation. The four chosen were Sweden, West Germany, France and the United 
States, which the Committee visited in that order. Officials in all cases cooperated fully 
to transmit as much information and understanding as possible in the limited time 
available in each country. 


These four countries represent a broad range of nuclear experience in the 
industrialized world. Sweden has announced its intention to phase out all nuclear- 
electric power production by the year 2010, with the first of its 12 reactors to be 
decommissioned in 1995. At the other extreme, France derives a greater share of its 
electricity from fission power — approximately 70% in 1987 — than any other country 
and uses some of its reactors for tracking the variation in electrical demand (load 
following). West Germany has experienced difficulty in its nuclear program. The 300 
MW fast breeder reactor at Kalkar is delayed by the refusal of the local government to 
issue an operating licence and the recent Hanau nuclear scandal has badly damaged 
the public image of West German nuclear power. West Germany is nonetheless 
nearing completion of the first phase of nuclear-electric generation in its national 
energy system. The United States is experiencing great difficulty in sustaining nuclear 
development and the future role of fission power is in question. 


Before examining these four countries in detail, we begin with a brief review of 
world power reactor development. This provides a backdrop against which the nuclear 
programs of individual countries may be assessed. 


A. An International Perspective 


As of July 31, 1987, there were 418 operable power reactors in 26 countries. 
These reactors represented a total generating capacity of 308,166 megawatts (308.2 
gigawatts). A further 130 reactors were under construction. (NEI, 1988, p. 10) In 1986, 
the combined output of all power reactors accounted for approximately 16% of the 
electricity generated globally. 


The United States leads in the number of operable reactors, with 109 as of July 
1987. The Soviet Union followed with 57 and France with 49. The United Kingdom was 
fourth with 38 operating reactors, Japan fifth with 37, West Germany sixth with 21, 
Canada seventh with 19 and Sweden eighth with 12. Table 6 lists the 26 countries with 
Operable power reactors as of end-July 1987. The table also includes power reactors 
under construction, indicating that a further five countries will soon join the current 
group of nuclear-electric power producers. 
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Table 6: World Power Reactors in Operation or under Construction at July 31, 1987 


Operable Reactors Reactors under Construction 
Country Units MWe Units MWe 
Argentina 2 1e0GS 1 745 
Belgium 8 5,740 0 0 
Brazil 1 657 2 2,618 
Bulgaria 4 1,760 4 4,000 
Canada 19 12,553 4 3,740 
China 0 0 3 euline 
Cuba 0 0 2 880 
Czechoslovakia 7 3,002 9 6,216 
East Germany 5 1,835 6 2,640 
Finland 4 2,400 0 0 
France 49 46,693 14 18,477 
Hungary 3 1,320 1 440 
India 7 1,243 6 1,410 
Italy 3 1,312 3 2,058 
Japan 37 28,146 11 10,068 
Mexico 0 0 2 1,350 
Netherlands 2 540 0 0 
Pakistan 1 137 0 0 
Poland 0 0 2 930 
Romania 0 0 5 3,395 
South Africa 2 1,930 0 0 
South Korea 7 5,816 2 1,900 
Spain 8 5,810 2 2,022 
Sweden 12 10,030 0 0 
Switzerland 5 3,065 0 0 
Taiwan 6 5,144 0 0 
United Kingdom 38 12,796 5 3,822 
United States 109 100,323 13 15,809 
U.S.S.R. aif, 34,334 29 29,620 
West Germany 21 19,911 4 4,325 
Yugoslavia 1 664 0 0 
World Totals 418 308,166 130 118,637 


Source: Nuclear Engineering International, "Reactor Statistics", World Nuclear Industry Handbook 1988, Reed 
Business Publishing, Sutton, England, 1988, p. 10. 
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Within the OECD, the proportion of nuclear-electric generation is higher than 
the 16% global average, amounting to almost 22% of all electricity produced during 
1986. This average, however, conceals a wide range in nuclear-electric generating 
capacity: France produced 69.8% of its electricity at nuclear plants in 1986 while 
Turkey produced none. Belgium ranked second, generating 67.0% of its electricity from 
eight reactors; Sweden was third at 50.3%; and Switzerland was fourth at 39.2%. 
Canada, by comparison, produced 15.1% of its electricity in 1986 from nuclear stations 
and the United States 16.6%. Within Canada, nuclear power accounted for 46%, 43% 
and 3% of the electricity generated in 1986 in Ontario, New Brunswick and Quebec, 
respectively. 


Japan is noteworthy for its long-term, highly-organized commitment to nuclear 
power. Given Japan's dependence on imported energy, this is not surprising from a 
strategic point of view: in 1985, Japan depended on imports for 80.5% of its total 
primary energy supply and 99.7% of its oil supply. At the time of the Arab oil embargo, 
77.6% of the primary energy supply consisted of imported oil; only 0.6% was nuclear- 
electricity. In 1986, imported oil was down to 56.8% of primary energy supply and 
nuclear-electricity had increased to 9.5%. (Japan Industrial Location Center, 1988) 


In July 1987, there were 37 operable Japanese power reactors representing 
28,146 MW of installed capacity. Eleven units totalling 10,068 MW were under 
construction. In 1986, 24.7% of Japan's electricity came from nuclear units. (NEI, 1988) 
The nuclear development program calls for 53,000 MW of installed nuclear capacity in 
2000 and 100,000 MW in 2030. The share which nuclear-electricity will claim of 
Japan's total electricity supply is projected to rise to 40% in 2000 and 60% in 2030. 
Fast breeder reactors will form the mainstream of Japanese nuclear development in 
the next century, allowing nuclear power to be established as a "quasi-domestic" 
energy source. (Japan, AEC, 1987) 


Japan's rationale for exploiting atomic energy is evident in the following 
quotation from a report by the Japanese Atomic Energy Commission. 


Nuclear energy has huge potential, and its first practical use began in the field 
of power generation. Nuclear power generation has many outstanding advantages, 
such as the capability of generation of huge amounts of energy from a small amount of 
fuel, a low and stable generation cost, and a characteristic feature in the storage of the 
fuel, which allows the flexibility to cope with interruptions in the supply of fuel. 
Nowadays, nuclear power generation, together with oil and natural gas, is playing a 
principal role as an alternative energy to petroleum. The promotion of nuclear power 
generation in industrialized countries reduces the demand for petroleum, and 
contributes to easing the worldwide energy supply and demand situation. 


Such global scale environmental problems as acid rain, and the greenhouse 
effect accompanying the increasing concentration of carbon dioxide in the atmosphere, 
have caused serious concern in recent years, but on the other hand, nuclear power 
generation has less effect on the environment, and has the outstanding advantage of 
reducing the total release of pollutants into the atmosphere. 
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Moreover, the promotion of nuclear power generation is also very important in 
releasing the limited and valuable fossil energy resources for use in other applications 
with higher added value. (Japan, AEC, 1987, p. 12) 


Most Eastern European countries have also developed nuclear power 
programs. Bulgaria's four reactors in 1986 provided 30% of its electricity supply, 
Czechoslovakia's seven reactors produced 21%, Hungary's three reactors generated 
18%, and East Germany's five reactors 12%. Soviet power reactors accounted for 11% 
of the electric power supply in the U.S.S.R. in 1986. 


In the developing world, six countries were operating 24 commercial power 
reactors at the end of July, 1987. These were South Korea, Taiwan, Argentina, India, 
Pakistan and Brazil. Both Taiwan (with six reactors) and South Korea (seven reactors) 
derived approximately 44% of their 1986 electricity supply from fission power. 


It is difficult to project world nuclear development beyond those reactor units 
already under construction. Forecasts of additions to generating capacity made in the 
1960s and early 1970s were substantially reduced when it became apparent that the 
lower rate of growth in global energy demand following the 1973-74 and 1979-80 "oil 
crises" was not a passing phenomenon. What is apparent is that over at least the next 
15 years the expansion in nuclear-electric power generation will slow markedly. 
Nuclear Engineering International provides the following projections of world 
nuclear-electric generating capacity in its most recent Handbook (1988, p. 11). 


1985: 251.4 GWe (actual) 1990: 375.7 GWe 
1995: 435.7 GWe 2000: 448.5 GWe 


Slower growth in nuclear generating capacity over the remainder of the century 
reflects the downturn in the mid-1970s in reactor construction starts worldwide, given 
the time lag between start of construction and connection to the grid. Construction 
starts peaked in 1975, with work begun on 40 units that year. In 1986, construction was 
begun on only one unit. This is not an encouraging picture for those in the business of 
marketing power reactor systems. The reactor vendors with whom the Committee held 
discussions are rationalizing their operations and planning how they will survive the 
coming years of infrequent new orders. These vendors also expect that the early part of 
the next century will see a new surge in reactor construction, due to the declining 
availability of conventional light crude oil and growing environmental problems 
associated with the combustion of fossil fuels. 


Figure 9 presents two sets of data: reactor construction starts and reactor 
connections to the grid. Both data sets are plotted as a three-year moving average 
because of the variability in the numbers on a year-to-year basis. Construction starts 
peaked in 1975; grid connections peaked in 1984-85, suggesting an average 10-year 
lag before units enter commercial service. 
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Figure 9: World Annual Reactor Construction Starts and Grid Connections, 1952-1985 
(3-year moving average) 
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Note: Because of variability in the data, the graph has been plotted as a three-year moving average. The 
purpose of this illustration is to show the trends in reactor construction starts and grid connections, 
rather than the annual values. 


Source: Modified from: Canada, AECL, Nuclear Sector Focus, Corporate Public Affairs, Ottawa, 
September 1987, p. D-17. 


Another feature of global development is the swing in reactor construction away 
from the Western industrialized nations towards the Communist bloc and the Third 
World. Whereas the developing and Communist countries accounted for 15.9% of 
world nuclear generating capacity in 1985, they are projected to account for 27.9% in 
the year 2000 (Canada, AECL, 1987, p. D-10; NEI, 1988, p. 11). India, Brazil, Bulgaria, 
Czechoslovakia and the Soviet Union are forecast to have from two to five times as 
much nuclear capacity in their generating systems at the turn of the century as they had 
in 1987 (NEI, 1988, p. 11). 


Through 1986, Westinghouse had been the most successful reactor vendor 
outside of the Communist bloc, with 85 orders for its PWR reactors, representing 15.2% 
of the world total of 558 reactor orders (net of any cancellations). Framatome was 
second with 65 orders (11.6%) and General Electric third with 62 orders (11.1%). 
AECL's 31 reactor orders (5.6%) exceeded Kraftwerk Union's 26 orders (4.7%), but the 
KWU units represented a larger total generating capacity. The U.S.S.R. had ordered 


93 reactors domestically, for 16.7% of the global total, and had export orders for 29 
units (5.2%). Table 7 provides more detail on the cumulative total of reactor orders by 
vendor, net of any cancellations. Vendors are ranked in Table 7 by the generating 
Capacity represented by their orders, not by the number of units ordered. 


Table 7: Cumulative Number of Reactor Orders by Vendor at Year-end 1986 


Vendor 


Westinghouse 
Framatome 
U.S.S.R. (domestic) 


General Electric 
Kraftwerk Union 
Atomic Energy of Canada Limited 


United Kingdom 
Mitsubishi Heavy Industries 
Combustion Engineering 


U.S.S.R. (export/Atomenergoexpont) 
Babcock & Wilcox 
Toshiba 


Skoda 
ASEA-ATOM 
Hitachi 


Dept. of Atomic Energy, India 
Ansaldo 
Miscellaneous 


Totals 


Number of 
Units 
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Generating Capacity 
(GWe) 


77.4 
TALC. 
69.6 


52.0 
27.8 
21.4 


ee) 
13:0 
14.8 


Percentage of Total 
Generating Capacity 


17.8% 
16.4% 
16.0% 


12.0% 
6.4% 
4.9% 


3.6% 
3.5% 
3.4% 


3.4% 
2.4% 
2.1% 


2.0% 
2.0% 
1.2% 


0.5% 
0.5% 
2.0% 


100.0% 


Source: Nuclear Engineering International, "Reactor Statistics", World Nuclear Industry Handbook 1988, 
Reed Business Publishing, Sutton, England, 1988, p. 15. 


The range in demand for electricity worldwide is revealed in statistics of per 
capita consumption. Table 8 presents per capita use of electricity in 23 selected 
countries in 1985. It is noteworthy that the top four nations are northern-latitude 
countries and that two of the four - Canada and Sweden — have well-developed 


nuclear power programs. 
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Table 8: The Per Capita Consumption of Electricity in Selected Nations in 1985 


Country kWh/Person % of World Average Consumption 
Norway 21,950 1,127% 
Canada 16,485 846% 
Iceland 15,833 813% 
Sweden 15,661 804% 
Qatar 11,415 586% 
Luxembourg 10,811 555% 
Finland 9,998 513% 
United States 9,652 496% 
New Zealand 8,708 447% 
Australia phent, 397% 
East Germany 6,839 351% 
West Germany 5,666 291% 
U.S.S.R. 5,450 280% 
France 51072 260% 
Japan 4,440 228% 
South Africa 4,356 223% 
United Kingdom 4,157 213% 
World Average 1,950 100% 
Brazil 1,316 68% 
Mexico Lb LWP TA 60% 
Egypt 474 24% 
China 359 18% 
India 165 8% 
Nigeria 61 3% 


Note: The world average has been calculated approximately using the values given for certain countries. 


Source: Canada, AECL, Nuclear Sector Focus, Corporate Public Affairs, September 1987, p. C-12. 


A startling feature of Table 8 is the broadness of the range in per capita 
electricity consumption. For example, on a per capita basis, Canadians use 270 times 
more electricity than Nigerians. This reveals the immense gap that exists between 
industrialized and developing countries in their consumption of electricity, and the 
enormous potential in the developing world for growth in demand for electricity, with all 
of its implications. 


An average global value for per capita electricity consumption was not included 
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in the source for Table 8 and has here been calculated using the percentage of world 
average consumption given for the various countries. 


B. The Swedish Nuclear Power Program 


1. History of Swedish Nuclear Development 


With an area of 450,000 square kilometres (174,000 square miles), Sweden is 
the fourth largest country in Europe but has a population of less than 8.4 million. Over 
85% of the population lives in the southern half of the country; Stockholm has almost 
1.5 million inhabitants. 


During World War Il, the Atlantic blockade of Allied shipping by German 
submarines illustrated the peril of depending on imported fuels. When oil imports rose 
sharply in Sweden after the war, warnings were raised. The Swedish commitment to 
nuclear power in the 1950s was motivated in part by the desire to restrain these 
imports. Unlike most countries, nuclear power in Sweden was first viewed primarily for 
application in district heating systems. One reactor for this purpose (Agesta, a 60 MWt 
reactor with 20 MWe later added to its output) was constructed underground in 
Stockholm and subsequently dismantled in the mid-1970s. Interest then shifted to 
using nuclear reactors for combined electricity and heat production (cogeneration). In a 
critical decision in the 1960s, a nuclear cogenerating station planned for the city of 
Vasteras was cancelled and replaced by an oil-fired system. Since electricity 
production and distribution are separate functions in Sweden (in 1946, the State 
Power Board was granted the exclusive right to build and operate the bulk power grid), 
this was a serious setback to the producers who favoured the expansion of nuclear 
power. Development then shifted to the generation of nuclear-electricity at large, 
central stations, while some municipalities built their own oil-fired cogenerating plants. 
(Sweden, Secretariat for Future Studies, 1977) Prior to the 1970s, "good" energy 
policy was seen principally as policy which provided the general community with the 
cheapest energy possible. 


At the time of the Arab oil embargo, Sweden depended on imported oil for 
about 73% of its primary energy needs. In 1975, the Swedish Parliament (Riksdag) 
instituted an energy policy which was intended to shape energy development until 
1985. A major thrust of this policy was to maintain a range of energy options for the 
future. One goal of the policy was to reduce the annual rate of increase in energy 
demand from 4.5% to 2%. This reduction was seen not as an end in itself but as a 
means to curtail oil imports, to restrain the growth in nuclear-electric power production 
and to hold back hydro-electric development. The continued use of nuclear power had 
by then become the subject of vigorous debate, and the Riksdag decided in the 1975 
policy to restrict nuclear power development through the year 1985 to existing sites 
and to 13 reactors in total. The new energy policy stressed freedom of action, which in 
practical terms meant developing energy alternatives (in both supply and demand) so 
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that Swedes would not become "prisoners of the energy system" (Sweden, Secretariat 
for Future Studies, 1977, p. 15). 


The March 1979 accident at unit 2 of the Three Mile Island nuclear generating 
station in Pennsylvania had a major impact on Swedish public opinion. An advisory 
referendum on the future of nuclear power in Sweden was conducted by the 
government in 1980, the fourth public referendum held in the country's history. This 
referendum contained three options, none of which provided for the retention of 
nuclear power. The text of the three options follows (as translated into English). 


Alternative 1: Nuclear power is to be phased out at the rate which is possible with due 
regard to the need for electric power to maintain employment and prosperity. In order 
among other things to reduce dependence on oil, and pending the availability of 
renewable energy sources, use will be made of not more than the twelve nuclear 
reactors which today are in operation, ready for commissioning or under construction. 
There is to be no further expansion of the nuclear power sector. Safety considerations 
will decide the order in which the reactors are to be taken out of service. 


Alternative 2: [Consisted of the text of Alternative 1 plus the following text printed on the 
reverse side of the ballot] Energy conservation is to be vigorously prosecuted and given 
further encouragement. The most disadvantaged groups in society are to be protected. 
Measures are to be taken to steer the consumption of electricity with the aim, among 
other things, of preventive direct-acting electrical heating in new permanent building 
development. Research and development activities concerning renewable energy 
sources are to be stepped up under public auspices. Measures to improve 
environmental standards are to be taken at nuclear power stations. A special safety 
study is to be carried out for each reactor. A safety committee including local 
representatives is to be appointed at every nuclear power station for purposes of public 
supervision. Electricity production in oil-based and coal-based condensation [thermal 
generation] is to be avoided. Principal responsibility for the production and distribution 
of electrical power is to be vested in society. Nuclear power stations and other future 
facilities of importance for the production of electricity are to be owned by national and 
local authorities. Excess profits accruing from hydro-electric power production are to be 
sequestered by means of taxation. 


Alternative 3: No further expansion of nuclear power. Closure within no more than ten 
years of the six reactors now in service. A conservation plan for the reduction of 
dependence on oil is to be based on: continued and intensified energy economization; 
greatly increased efforts to develop renewable energy sources. Stricter safety 
requirements are to be imposed on operational reactors. No unactivated reactors are to 
be commissioned. No uranium extraction is to be permitted in Sweden. If current or 
future safety analyses so require, this Alternative naturally implies an immediate 
shut-down. The campaign against nuclear weapons and their proliferation is to continue. 
No fuel reprocessing is to be allowed. Exports of reactors and reactor technology are to 
be discontinued. Employment to be boosted by means of alternative energy 
production, and more extensive upgrading of raw materials. 


Of those Swedes entitled to vote, 75.6% cast a ballot, the highest level of 
participation in any of the four referenda. The results were: 


Alternative 1: 18.9% Alternative 2: 39.1% Alternative 3: 38.7% 
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Only 3.3% of the ballots cast were blank. 


Based on the results of the referendum, the Swedish Government announced 
that there would be no new nuclear power development, that the power reactors then 
under construction would be allowed to enter commercial service, and that all power 
reactors would be decommissioned by the year 2010. The Government decided that it 
was not possible at the time to specify when the phase-out of nuclear generation would 
begin but that the order of decommmissioning would be established on the basis of 
safety considerations. The construction of reactors for heating purposes alone was 
also prohibited, as was the construction of breeder reactors. The rate of phasing out 
nuclear generation was to be governed by the need for electric power to sustain 
employment and the national welfare. 


In 1985, the previous 10-year energy policy having run its course, the Swedish 
Government issued a new statement of policy. This took the form of a Bill on Guidelines 
for Energy Policy, which was approved by the Riksdag without major alteration. This 
policy reaffirmed the Government's commitment to abandon nuclear power by 2010, to 
be achieved through energy conservation, the expanded use of district heating, the 
introduction of new energy sources and technologies, and continuing energy research 
and development. The policy also proposed to keep the level of Swedish energy use 
unchanged from about 1990 onwards. Efforts to reduce Sweden's dependence on oil 
were to continue. As the Government summarized its policy: 


During the rest of the 1980s the main aim of energy policy should be to 
complete the reshaping of the energy system from oil to renewable and indigenous 
energy sources, while gradually creating the conditions for a phasing out of nuclear 
power. An aspect of this reshaping process is the creation of an energy system that is 
less sensitive to international supply disruptions and which results in improved security 
of supply. (Sweden, Ministry of Industry, 1986, p. 7) 


Sweden's Act on Nuclear Activities came into force in 1984. This Act clarified 
the responsibilities of the state and the electric power industry for nuclear safety. It 
required that all licencees of power reactors together prepare a comprehensive 
program of research and development in radioactive waste management, including 
final disposal, specifying all measures to be undertaken for at least six years in 
advance. The program is submitted to the Government every three years for 
evaluation, beginning in 1986. The Act also restated a requirement that had become 
law in 1976, that any power reactor being loaded with fuel for the first time must hold a 
special permit, granted only if the reactor operator: 


1. has proved that there is a method for the handling and final disposal of spent nuclear 
fuel and radioactive waste deriving from it which is acceptable with regard to safety 
and radiation protection, and 


2. has presented a programme for the research and development work necessary for 
ensuring that spent nuclear fuel from the reactor and radioactive waste deriving from 
it can be handled and finally disposed of in a safe manner. (Sweden, Ministry of 
Industry, 1984, p. 4) 
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The five reactors commissioned prior to 1976 were not affected by this 
stipulation, but the remaining seven have had to comply. The concept of deep geologic 
burial of high-level radioactive waste was advanced by the utilities and accepted by 
the Government as a safe disposal method. 


The Amended Act on the Financing of Future Measures for the Disposal of 
Spent Fuel also came into force in 1984. This Act requires that reactor licencees shall 
defray the costs for: 


1. the safe handling and final safe disposal of spent nuclear fuel from the reactor and 
radioactive waste deriving from it; 


2. the safe decommissioning and dismantling of the reactor installation; 


3. the performance of the research and development work necessary for the conditions 
referred to under subsections 1 and 2 to be met. (Sweden, Ministry of Industry, 
1984, p. 11) 


In addition to the above costs, reactor licencees are required by the legislation 
to defray costs incurred by the State in supplementing the R&D work of the licencees, 
certain administrative and other costs incurred in enforcing the Act, and costs incurred 
in the monitoring and inspection of final repositories. To accumulate the funds 
considered necessary to cover these costs, the licencee must pay an annual fee to the 
State for as long as the reactor is in operation. Those fees accumulate in accounts for 
each utility group. The rate is set by the State and is related to the amount of electricity 
delivered from the reactor. The fee is currently set at 0.019 Skr/kKWh (approximately 
equivalent to 0.0037 $C/KWh or 3.7 mills/kWh). [The currency conversion rate used is 1 
Swedish krona = 0.1923 Canadian dollar. The derived Canadian values are rounded. ] 
These fees are bringing in 1,200 million Skr (6C 230 million) annually, of which about 
600 million Skr ($C 115 million) is spent each year for the ongoing costs of the 
program. To the end of 1987, 3,900 million Skr ($C 750 million) had accumulated in 
the utility accounts. The total estimated future cost of the program is 38,000 million Skr 
($C 7,310 million). The last year for collection of fees is 2010, but much of the spending 
comes later, with the largest expenditure being the final repository. 


Some Swedes doubted that the Government would in fact end the use of 
nuclear power, given the difficulties in replacing this energy source. The Chernobyl 
accident of May 1986, with its radioactive fallout on Sweden, has stiffened government 
resolve and hardened public opinion. At the time of the Committee's visit to Sweden, 
legislation had been introduced in the Riksdag which would compel two reactors — one 
at Barseback and one at Ringhals — to be taken out of service in 1995 and 1996. The 
Committee understands that this legislation has now been passed. The Barseback 
reactor is privately owned by the Sydkraft power company and will not have reached 
the end of its useful life in 1995. Thus the Swedish Government will be faced with the 
question of financial compensation for the privately owned reactors that it will begin 
forcing out of service in 1995. 
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2. The Current Power Reactor Program 


Sweden has 12 operating power reactors, with a net installed generating 
capacity of 9,663 MW. Nine are BWRs designed and installed by ASEA-ATOM (now 
part of ASEA/Brown Boveri), and three are Westinghouse PWRs. These 12 units are 
located at four stations. Three BWRs are situated at Oskarshamn on the Baltic coast 
about 300 km south of Stockholm. Three BWRs are located at Forsmark on the coast 
150 km north of Stockholm. Two BWRs at Barseback lie across The Sound from the 
Danish capital of Copenhagen. The Ringhals station on the west coast about 60 km 
south of Géteborg has three PWRs and one BWR. Sweden's BWRs have the best 
average annual load factor — 82.5% in the 12-month period ending June 30, 1987 — of 
any country operating four or more reactors of this type (Howles, 1988, p. 22). No 
additional reactors are under construction or planned. 


The 12 Swedish reactors are listed in Table 9. These units accounted for 15% 
of the country's total supply of primary energy in 1986. 


Table 9: Sweden's Operating Power Reactors at 1 January 1988 


Reactor Unit / Type Commercial Operation Net Electrical Output Contractor 

Oskarshamn 1/BWR 1972 440 MW ASEA-ATOM 
Oskarshamn 2/ BWR 1975 595 MW ASEA-ATOM 
Oskarshamn 3 / BWR 1985 1,070 MW ASEA-ATOM 
Ringhals 1/ BWR 1976 750 MW ASEA-ATOM 
Ringhals 2 / PWR 1975 800 MW Westinghouse 
Ringhals 3 / PWR 1981 915 MW Westinghouse 
Ringhals 4/ PWR 1983 915 MW Westinghouse 
Barseback 1/ BWR 1975 595 MW ASEA-ATOM 
Barseback 2/ BWR 1977 580 MW ASEA-ATOM 
Forsmark 1/BWR 1981 970 MW ASEA-ATOM 
Forsmark 2/ BWR 1981 970 MW ASEA-ATOM 
Forsmark 3/ BWR 1985 1,063 MW ASEA-ATOM 


Source: Sweden, Karnkraftsakerhet och Utbildning AB, Summary of Operating Experience at Swedish 
Nuclear Power Plants 1987, Stockholm, February 1988, p. 3. 


In 1985, 42.4% of Sweden's domestic electricity production came from nuclear 
stations; in 1986 that share rose to 50.3%. This is the third largest share claimed by 
nuclear-electric generation in the OECD countries, with France leading in 1986 at 
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69.8% and Belgium second at 67.0%. 


With all 12 reactors operational, the Swedish nuclear power program requires 
about 1,400 tonnes of uranium annually for fuelling. Approximately 90% of this amount 
is purchased under long-term contracts. For the period 1983-1992, about two-thirds of 
this uranium is being obtained from Canada, one-fifth from Australia, and the 
remainder from France and the United States. (Sweden, Ministry of Industry, 1986) In 
1987, Canada exported 377 tonnes of uranium destined for Sweden after enrichment 
elsewhere, down from the 449 tonnes shipped in 1986 (Canada, AECB, 1988, p. 9). 
Although Sweden is known to possess deposits of uranium, potentially of commercial 
grade, no domestic mining of uranium has been undertaken, apparently on 
environmental grounds. 


There are certain ironies in the Swedish nuclear situation. Sweden will shut 
down some of the world's most efficiently run BWRs, reactors which a Swedish 
commission has judged to be acceptably safe over their operating lifetime, while the 
Russians will continue to operate the RBMK reactor type that deposited the radioactive 
fallout on Sweden after the Chernobyl accident. To replace lost nuclear-electricity, the 
Swedes acknowledge that more fossil fuels will have to be consumed for some years 
to come, a curious exchange for a country that has been particularly affected by acidic 
precipitation. Sweden expects to import substantially larger quantities of natural gas as 
a substitute for nuclear-electricity. The Soviet Union may well supply much of this gas, 
the same country that Sweden has charged with frequent violations of its territorial 
waters by military submarines. Given the high priority that Sweden places on 
maintaining its neutral stance, such strategic dependence on the U.S.S.R. would be 
surprising. 


3. Radioactive Waste Management 


Sweden's radioactive waste management program is well organized and 
funded. The program is managed by a company created specifically in 1972 for this 
purpose: Svensk Karnbranslehantering AB, or SKB (the Swedish Nuclear Fuel and 
Waste Management Company). SKB is owned by the four Swedish electric utilities 
which operate power reactors: Vattenfall (the Swedish State Power Board) (36%); 
Forsmarks Kraftgrupp AB (30%); OKG Aktiebolag (22%); and Sydsvenska Varmekraft 
AB (12%). The public service corporation Vattenfall is Sweden's largest electric utility, 
generating nearly half of the country's electricity and operating the four-unit Ringhals 
station. Forsmarks Kraftgrupp, which operates the three-unit Forsmark station, is jointly 
owned by Vattenfall and a private consortium. OKG Aktiebolag is an eight-company 
private consortium generating 40% of Sweden's electricity and operating the three-unit 
Oskarshamn station. The principal shareholder in OKG is Sydkraft AB, the largest 
private power company in Sweden and also the owner of Sydsvenska Varmekraft AB 
and the operator of the two-unit Barseback station. (Sweden, SKB, 1985) The Swedish 
nuclear power program is a mixed public and private enterprise. 
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SKB has the responsibility to develop, plan, construct and operate facilities for 
the management and disposal of spent nuclear fuel and other radioactive wastes 
produced at Swedish nuclear power stations. It is in charge of research and 
development activities within the field of radioactive waste management. SKB also 
handles matters of uranium prospecting, fuel enrichment, fuel reprocessing and 
uranium stockpiling for the Swedish nuclear power industry. 


Three state agencies work closely with the SKB. The National Institute of 
Radiation Protection, SSI (Statens stralskyddinstitut), and the Swedish Nuclear Power 
Inspectorate, SKI (Statens karnkraftinspektion), have regulatory functions. The 
National Board for Spent Nuclear Fuel, SKN (Statens karnbranslenamnd), has a 
financial authority, collecting fees from reactor operators and holding program funds. 


The Swedish National Institute of Radiation Protection, SSI, is contained within 
the Ministry of Environment and Energy, and administers the Radiation Protection Act 
and the Radiation Protection Ordinance. Since 1965, SSI has been the highest 
authority in Sweden on radiation protection. The Institute operates 25 measuring 
stations across the country, recording natural radiation levels. It also makes regular 
measurements of individual doses received by people working with ionizing radiation 
and today is monitoring about 14,000 people. In the field of nuclear power, SSI 
regulates the release of radioactivity at nuclear stations, reviews radiation protection 
requirements at these facilities, and prescribes dose limits for personnel. All 
transportation of radioactive material is supervised by SSI. The SSI and the National 
Rescue Administration are jointly responsible for emergency planning for nuclear 
power accidents. (Sweden, SSI, 1987) 


The Swedish Nuclear Power Inspectorate, SKI, is the regulatory body 
established under the Act on Nuclear Activities. SKI's principal duties are to (Swedish 
Atomic Forum, undated, p. 33): 

* evaluate the design of nuclear facilities from a safety point of view; 
¢ formulate guidelines for safety and inspect nuclear facilities; 
* survey and evaluate operational experience, and initiate safety precautions; 


¢ inspect and account for nuclear materials according to international and Swedish 
regulations in order to prevent the non-peaceful use of such materials; 


¢ inspect and prepare regulations for handling and storing nuclear waste; 
¢ jnitiate and direct research and development in the field of nuclear safety; and 
¢ inform the public about the work being done on nuclear safety. 


Direct responsibility for the safety of nuclear facilities lies, however, with the 
owners, who must comply with any directives issued by SKI. 


SKI is assisted in its work by three advisory committees: The Reactor Safety 
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Committee (which advises regarding reactor safety and licensing), The Safeguards 
Committee (which advises on the safeguarding of fissionable material and on 
protecting nuclear facilities and the transport of nuclear materials against theft and 
sabotage), and The Research Committee (which evaluates and proposes research 
projects). (Sweden, SKI, undated) 


The SKI performs a function in Sweden similar to that of the Atomic Energy 
Control Board in Canada. The Committee notes that SKI has an Information 
Secretariat, whose "foremost function...is to inform the public of the work being done 
by SKI in the field of nuclear safety...Information on SKI's positions on various nuclear 
safety matters is aimed at the mass media, interest organizations and local safety 
committees as well as politicians, private persons and companies." (Sweden, SKI, 
undated, p. 7) This is a role that the Committee recommends be more fully developed 
by Canada's AECB. 


According to a resolution of the Swedish Parliament, every power reactor must 
undergo at least three safety analyses during its planned lifetime, in addition to the 
safety analysis carried out before a reactor is commissioned. These recurring analyses 
incorporate the operating experience of the reactor, the results of test programs at the 
reactor, and the results of Swedish and international work on reactor safety. 


The Swedish National Board for Spent Nuclear Fuel, SKN, was created in 
1981 and is the central administrative authority under the Amended Act on the 
Financing of Future Measures for the Disposal of Spent Fuel. This legislation 
established three principles of nuclear waste management (Swedish Atomic Forum, 
undated, p. 34): 


(1) The producer of the waste shall undertake the necessary actions for management 
and disposal of the waste. 


(2) The state has the ultimate responsibility of ensuring that the waste is disposed of in 
a manner which is satisfactory to the Swedish public. 


(3) The costs of waste management shall be paid by those who benefit from the 
nuclear-electric power. The capital needed for post-operational waste 
management activities shall therefore be raised during reactor operation and be 
held available for future needs. 


With the Act on Nuclear Activities of 1984, SKN's financial authority was 
supplemented with authority over the R&D program which the nuclear power utilities 
implement for the management and disposal of spent nuclear fuel and nuclear plant 
decommissioning. SKN has thus been given the supervisory and economic authority to 
ensure that these three principles are followed. SKN recommends to the Government 
what fee needs to be charged per kilowatt-hour of nuclear-electricity produced to cover 
all future costs of nuclear waste managment and disposal and nuclear plant 
decommissioning. This fee is set annually and paid by the utilities into special 
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accounts administered by SKN. Prior to 1981, the utilities developed internal reserves 
for these activities; SKN took over the accumulated funds when the fee system and the 
government accounts were established. Interest on these funds accrues at the 
prevailing rate. As the utilities spend money on waste management or 
decommissioning, SKN releases funds from the accounts to reimburse the utilities for 
these expenditures. (Swedish Atomic Forum, undated) 


This policy presents an interesting challenge to SKN: expenditures on 
radioactive waste management and plant decommissioning are expected to be made 
until about 2050 or 2060, yet SKN can only collect the fees until the last reactor is shut 
down in 2010. How does the agency forecast what total expenditures will be in a 
program continuing some 70 years or more into the future? At this time, SKN does not 
know what the schedule of reactor shutdown will be beyond the two units to be taken 
out of service in 1995 and 1996. 


The Swedish Government, by accepting the concept of deep geological 
disposal as embodied in what is termed the KBS—3 model, created a problem for itself. 
Accepting the concept meant that the nuclear utilities had satisfied the legal 
requirement for starting the remaining new power reactors. KBS-—3 is the model which 
SKB (the Swedish Nuclear Fuel and Waste Management Company owned by the 
utilities) has subsequently built its R&D program around. The KBS-—3 report was 
completed in 1983 and although subsequent research has not caused the Government 
to re-evaluate its conclusions about the safety of the KBS—3 concept, SKN would like 
SKB to broaden some of the R&D work, in order not to miss opportunities for improved 
technical solutions. This puts SKB in the position of being asked by the government 
agency which oversees its R&D program to spend more time and money investigating 
alternatives to the KBS-3 disposal system which the Swedish Government has 
already declared to be acceptable. 


The Legal Requirement for Safe Disposal of Radioactive Wastes in Sweden 


Under Swedish law dating back to 1976, nuclear power utilities have had to demonstrate that 
spent nuclear fuel can be safely handled and disposed of before being allowed to load fuel into new 
reactors and start operating them. The utilities submitted their first such research report, KBS—1, in 
November 1977 together with an application to fuel Ringhals 3 and Forsmark 1. Ringhals 4 and 
Forsmark 2 were subsequently added to this application. KBS—1 assumed that spent fuel would be 
reprocessed, which was then the preferred option in Sweden. In 1978, the KBS—2 report was 
submitted, based on the direct disposal of nuclear fuel without reprocessing. This report was 
accepted by the Government as the basis for approving fuel loading at the four reactors. In May of 
1983, the KBS-3 report was appended to the fuelling applications for Forsmark 3 and Oskarshamn 
3. KBS—3 developed and broadened the work of KBS—2; in June 1984, the Government granted 
fuelling permission for these last two Swedish reactors. The Government thereby acknowledged 
that the requirements of the law had been satisfied and that the utilities had demonstrated the 
existence of a method for disposing of spent nuclear fuel in an acceptably safe manner. (Sweden, 
SKB, 1985) 
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The KBS-3 approach has the spent reactor fuel emplaced in a 500-metre-deep 
repository in stable, crystalline bedrock. Copper canisters will be used to contain the 
spent fuel. When filled, the repository will be backfilled and sealed, and will not require 
further surveillance. Safety of the repository "is based on the fact that degradation of 
the canisters and subsequent transport of their contents with the groundwater to the 
surface of the ground will take such a long time that the radioactive substances will 
decay and be diluted to such a degree that they reach the biosphere only in harmless 
concentrations" (Sweden, SKB, 1985, p. 12). Site selection for the repository is set by 
SKB for 1990-92 and the choice of the engineered barrier system (that is, design of the 
repository, form of the emplaced radioactive waste, design of the canister containing 
the waste, and the nature of the buffer and backfill around the canisters) is to be made 
between 1994 and 1996. The siting application is to be made by 2000, the safety 
report submitted by 2006, construction of the repository started by 2010, and operation 
of the repository begun in 2020. Some critics of the program claim that this schedule 
does not allow for any unforeseen delays. (Sweden SKN, 1987b) 


SKB works under the following guidelines for its waste management program 
(Sweden, SKN, 1987b, p. 31-32): 


¢ The radioactive waste products generated by the Swedish nuclear power program 
shall be disposed of in Sweden. 


¢ The spent nuclear fuel shall be finally disposed of without reprocessing. 


¢ Technical systems and facilities shall fulfill high standards of safety and radiation 
protection and satisfy the requirements of Swedish authorities. 


¢ In all essential respects, the radioactive waste problem shall be solved by the 
generation of Swedes utilizing electricity production from the nuclear power 
stations. That is, there will be no burden on future generations. 


¢ A decision on the design of the final repository for spent nuclear fuel shall not be 
taken until around the year 2000, so that it can be based on a broad body of 
knowledge. 


* The waste management systems shall be designed so that requirements for 
controlling fissionable materials can be fulfilled. 


* The necessary technical solutions shall be arrived at within Sweden, although 
available foreign knowledge shall be gathered. 


* The conduct of the work shall be subject to the continuing review of the regulatory 
authorities and the directives issued by them. 


* The waste management activities shall be conducted openly and with broad public 
knowledge. 
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To advance its knowledge of the conditions for deep geological burial, SKB is 
operating an underground research facility for high-level waste disposal at the Stripa 
mine about 230 km west of Stockholm. At this facility, techniques are being developed 
to allow the design of a final repository in stable crystalline rock. Stripa is a former mine 
in an iron ore deposit. Work on the waste disposal program began here in 1976, when 
the ore body was mined out. Tunnels were excavated at the 360-metre-level in the 
mine in a granite bordering the ore body. Non-radioactive heating experiments were 
carried out at Stripa in a joint Swedish-U.S. project. Today the research centres on the 
detection and mapping of rock fracture zones, the measurement of groundwater flow 
and nuclide migration, and the use of bentonite clay for backfilling and sealing. 
(Sweden, SKB, undated(c)) 


Sweden's program of high-level radioactive waste disposal in stable, deep 
geological formations is similar to the programs of Canada and Switzerland, which the 
Swedes describe as "mature". Canada's R&D work in support of its disposal program 
was observed by the Swedes to be more advanced than their own in certain areas. 


The disposal program for spent fuel is complemented in Sweden by a 
well-developed system for interim storage of all radioactive wastes and a disposal 
system for low-level and intermediate-level wastes. 


All Swedish nuclear-electric generating stations are located along the coast 
and each has its own harbour facilities. SKB has established a complete transportation 
system for radioactive materials based on sea transport. Spent fuel is stored in 
water-filled bays at each reactor site for at least one year, following which it is loaded 
into casks and trucked onto a specially-designed, roll-on roll-off vessel, the M/S Sigyn, 
for shipment to a central storage facility for spent fuel. The spent nuclear fuel is placed 
in an 80-tonne shielded steel cask with a capacity of three tonnes of fuel. The transport 
cask sits on a frame and is hydraulically lifted by a vehicle which transports the frame 
and cask together. This cargo can be driven or lifted by crane onto the Sigyn, which 
can accommodate ten of these casks. The ship is also used to transport low- and 
intermediate-level wastes (reactor wastes) to a final repository at the Forsmark nuclear 
power station. M/S Sigyn makes approximately 30 trips per year between the four 
nuclear power stations, the central fuel storage facility and the repository for reactor 
wastes. (Sweden, SKB, undated(b)) 


M/S Sigyn is double-hulled, double-bottomed and fitted with several watertight 
bulkheads. This Swedish designed and French built ship is equipped with two 
independent propulsion systems; electric power is supplied from three generators, 
each of which can handle total ship demand. A sophisticated fire control system 
protects all parts of the vessel. A water-filled tank shields the crew quarters against 
radiation from the hold and concrete walls separate the engine rooms from the hold. 
Radiation monitoring equipment includes gamma and neutron detectors. (Sweden, 
SKB, undated(b)) 


The central storage facility for spent nuclear fuel at Oskarshamn is known as 
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CLAB. This pool storage system is designed to receive fuel from the four power 
stations for intermediate storage of about 40 years before final disposal. The fuel 
storage building has been excavated in bedrock and the roof of the 120-metre-long 
cavern is 25 to 30 metres below ground level. In its initial configuration, CLAB consists 
of four interconnected storage pools, each of which can hold 750 tonnes of spent fuel. 
The facility can be extended in the future with additional caverns constructed parallel to 
the first one. CLAB was commissioned in 1985 and built at a total cost of about Skr 
1,700 million ($C 325 million). (Sweden, SKB, 1986) 


A terminal vehicle transports the cask from the ship to CLAB and the the cask is 
unloaded in an air lock in the receiving building. The cask is lifted from the vehicle by 
crane, cooled to room temperature in a preparation cell, and then unloaded 
underwater by remotely-controlled handling machines. The spent fuel assemblies are 
transferred to storage containers and placed in predetermined locations in the storage 
pools. (Sweden, SKB, 1986) 


Low- and intermediate-level radioactive wastes are sent to the SFR facility at 
Forsmark, a final repository for reactor wastes. Low-level wastes are defined as those 
wastes with such a low level of radiation that they can be handled without the need of 
shielding. The intermediate-level wastes must be shielded but do not require cooling. 
These wastes contain virtually no long-lived radionuclides and are considered 
harmless to human beings and to the environment after about 500 years. Under the 
most pessimistic assumptions used in the environmental impact assessment for SFR, 
these wastes would add a few per cent to natural background radiation in the area. 
SFR is located in bedrock 50 metres below the Baltic seabed. Water depth above the 
repository is five metres. This region of Sweden is still rebounding from the weight of 
the last ice sheet that covered the land until about 9,000 years ago. In 500 years, this 
area will be above sea level but the wastes will be essentially harmless by then. SFR is 
located beneath the Baltic because the groundwater regime is stagnant and no one 
will drill there in the future for fresh water. (Sweden, SKB, undated(a)) 


SFR consists of storage chambers and a silo in a series of rock caverns, 
reached by kilometre-long twin tunnels extending from land. The silo, the first of as 
many as four, will hold the most radioactive materials, primarily ion exchange resins 
solidified in concrete moulds or metal drums. The inside of the silo is divided into 
2.5-metre-square cells running from top to bottom. Waste packages are placed in the 
cells and backfilled with concrete. The silo rests on a bed of sand and clay, and the 
space between the wall of the silo and the surrounding rock is filled with clay. Various 
types of packaging are being used for the wastes placed in the storage chambers, 
depending upon the radioactivity of the waste and the handling procedures at the 
nuclear power stations. SFR was completed in 1988 and the Committee visited this 
facility a few weeks before it began receiving reactor wastes. The first phase of SFR 
cost about Skr 740 million ($C 140 million). (Sweden, SKB, undated(a)) 


Studsvik Energiteknik AB is an energy research centre located about 100 km 
south of Stockholm on the Baltic coast. The Committee visited Studsvik because of its 
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similarities with Chalk River Nuclear Laboratories and because of its work in managing 
reactor wastes in particular. 


Studsvik began life in 1947 as AB Atomenergi, a joint state-private enterprise. 
The early development of a heavy water reactor system was carried out here, until 
Sweden opted for the LWR design in the 1960s. Studsvik designed and built the 
Agesta reactor for the Stockholm district heating system. In 1969, Studsvik became 
wholly state-owned and ASEA-ATOM was formed as a separate company, half owned 
by ASEA and half by the Government. In 1978, the state-owned AB Atomenergi was 
transformed into the private commercial enterprise Studsvik Energiteknik AB. Today 
Studsvik competes for its work and because its income expectations were not realized 
in 1985 and 1986, the company has had to reduce staff and reorganize its operations. 
In 1987, Studsvik's $C 100+ million income broke down as follows: about $30 million 
from the Swedish nuclear industry; $33 million from its export business; $12 million 
from Swedish nuclear agencies in bidded contracts; $10 million in fees for university 
research performed at its facilities; $12 million in special government asignments; and 
$3 million in government subsidies for R&D performed jointly with industry. 


Studsvik treats low- and intermediate-level wastes from power reactors, 
hospitals, research facilities and industry. It also incinerates reactor wastes received 
from West Germany, with the ash being encapsulated in concrete or bitumen and 
returned to Germany for disposal. Studsvik has recently completed Project AMOS, a 
comprehensive program to modernize all of its waste facilities. This modernization 
included a new building for processing solid and liquid wastes, an underground 
interim storage facility, and harbour facilities to accommodate the M/S Sigyn. The 
Studsvik Incineration System is a modern, multi-chamber electronically-controlled 
incinerator designed to burn low-level wastes. The resulting ash is encapsulated in 
concrete. Waste volume is reduced by a factor of approximately 100 through 
incineration. This unit began operation in 1977 and through 1988 had burned about 
3,500 tonnes of waste, ranking it as one of the leading radioactive waste incinerators in 
the world. Studsvik is supplying an incinerator of double this capacity for Oak Ridge 
Nuclear Laboratories in the United States. Other sales are in prospect. (Sweden, 
Studsvik Energiteknik, 1987) 


Studsvik has also developed an induction furnace to melt irradiated metals. 
This avoids the difficulty in trying to decontaminate complicated structures like steam 
generator piping. The metal is cut up and melted; the resulting ingot is scanned to 
ensure that it is safe for recycling. If the radiation level is too high, the ingot is simply 
stored until the radioactivity declines to an acceptable level. 


The Committee is impressed with the thoroughness and design of the Swedish 
radioactive waste management program. The Committee favours the idea of 
maintaining separate government accounts funded by the users of nuclear-electricity 
and dedicated to radioactive waste management and reactor decommissioning. 
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C. The West German Nuclear Power Program 


1. History of West German Nuclear Development 


The Federal Republic of Germany, the FRG or West Germany, has an area of 
249,000 square kilometres (96,000 square miles) and a population of 61 million. The 
country is made up of 11 federal states, including West Berlin. The most populous is 
North Rhine-Westphalia with 17 million inhabitants. The capital city of Bonn and the 
city of Essen, home of the largest German electrical utility Rheinisch-Westfalisches 
Elektrizitatswerk (RWE), are located in this state. Both cities were visited by the 
Committee. 


Responsibility for nuclear energy at the federal level rests with four 
departments. Support for nuclear energy R&D is the responsibility of the Federal 
Minister for Research and Technology. The application of nuclear energy as one of 
Germany's important energy sources rests with the Federal Minister for Economic 
Affairs. Nuclear safety regulation is the responsibility of the Federal Minister for 
Environment, Nature Conservation and Nuclear Safety. West Germany's international 
commitments in the nuclear area are handled by the Foreign Office. (Breest, 1988) 


Electric utilities, which hold the reactor licences and operate the power 
reactors, are organized as private companies, although municipalities and the states 
can own shares in them. State licensing and superintending authorities execute 
federal nuclear laws on behalf of the central government, supervised by the Federal 
Ministry for Environment, Nature Conservation and Nuclear Safety. There has in the 
past been close cooperation between the federal and state governments in nuclear 
development, especially in financing West Germany's nuclear research centres and 
university research. The Social Democratic Party, however, declared nuclear power to 
be unsafe after the Chernobyl accident and wants all German nuclear-electric 
generation to be phased out within 10 years. The Social Democrats control some state 
governments and, since the federal government has delegated the authority to license 
reactors to the state governments, this cooperation has evaporated in some cases. The 
stalled Kalkar breeder reactor is caught in this political situation. 


Research and development of nuclear power in West Germany was only 
allowed beginning in 1955, with the Paris Souvereignty Treaty. The German 
Government thereafter established major nuclear research centres at Karlsruhe and 
Julich; entered into bilateral cooperation agreements with such countries as France 
and the United States; and joined the IAEA, the Nuclear Energy Agency of the OECD, 
CERN (the European Organization for Nuclear Research) and EURATOM (the 
European Atomic Energy Community). German industrial concerns collaborated with 
U.S. companies to foster reactor development — Siemens with Westinghouse for the 
PWR design, and AEG with General Electric for the BWR design. By about 1970, West 
Germany had become technically independent in reactor design; Kraftwerk Union 
(KWU) was established by Siemens and AEG-Telefunken to develop a German 
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nuclear power plant design and associated safety system. (Breest, 1988) 


Not only had West Germany overtaken the lead of other industrial countries in 
power reactor development, it had begun to compete in the export market. In 1968, 
West Germany secured its first foreign order, the 320 MW Atucha reactor in Argentina. 
This was followed by the sale of a 450 MW reactor to the Netherlands in 1969, a 700 
MW unit to Austria in 1971, and a 920 MW unit to Switzerland in 1972. (FRG, Federal 
Ministry for Research and Technology, 1974) 


West Germany has based its commercial reactor program on the LWR, in both 
PWR and BWR designs. Looking to the future, it has also constructed a 15 MWe 
experimental high-temperature reactor (HTR) and recently completed a commercially- 
sized 300 MWe thorium high-temperature reactor (THTR). Because the HTR operates 
at a higher coolant temperature than the LWR, it can achieve a higher operating 
efficiency. Basing the HTR on the thorium cycle opens up another fuelling option. HTR 
reactors are also claimed to be inherently safer than LWRs. 


An experimental 17 MWe sodium-cooled fast breeder reactor (FBR), which 
began operation at Karlsruhe in 1978, was the forerunner of the 300 MW Kalkar FBR. 
The Kalkar reactor is completed but the state government has refused to license its 
operation. 


2. The Current Power Reactor Program 


West Germany has 22 power reactors operating today, totalling 18,926 MWe of 
net installed generating capacity. A further three reactors are under construction and 
one completed reactor awaits licensing, the four units aggregating an additional 4,052 
MWe. Six older units have been decommissioned. Nine reactor projects have been 
applied for but reduced energy demand in Germany makes their need questionable 
before the turn of the century. Information on the West German nuclear power program 
is contained in Table 10. 


In 1986, 29.6% of West Germany's supply of electricity came from nuclear 
Stations; in 2000, that share is projected to rise to 35%. However, opposition to 
continued nuclear power development has become stronger, especially with the 
political rise of the Green Party, and the German nuclear program is in difficulty. The 
most serious delay in the German program is the Kalkar 300 MW fast breeder reactor, 
a project which the West German Government initiated in 1972 in a cooperative 
program with the Netherlands and Belgium. Although the reactor has been ready for 
fuel loading since mid-1986, the state government of North Rhine-Westphalia refuses 
to issue an operating licence. RWE has a 68.85% interest in the West German holding 
company SBK (Schnell-Briter-Kernkraftwerkgesellschaft mbH Gemeinsames 
Europaisches Unternehmen, Essen) which built and will operate Kalkar. The Dutch 
and Belgian electrical industries hold most of the remaining interest and a small share 
is held by British utilities. (RWE, 1988) 
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Table 10: West Germany's Operating Power Reactors at 1 January 1988 


Reactor Unit / Type 
AVR Julich / HTR 
Obrigheim / PWR 
Stade / PWR 


Biblis A/ PWR 
Biblis B/ PWR 


Wirgassen / BWR 
Neckarwestheim-1 / PWR 


Brunsboittel / BWR 


Karlsruhe KNK-2 / Fast Breeder 


Isar-1 (Ohu) / BWR 
Unterweser / PWR 


Philippsburg-1 / BWR 
Philippsburg-2 / PWR 


Grafenrheinfeld / PWR 
Krummel / BWR 


Gundremmingen II-B / BWR 
Gundremmingen II-C / BWR 


Grohnde / PWR 
Brokdorf / PWR 
Mulheim Karlich / PWR 


Hamm-Uentrop / THTR 


In Operation 


1969 


1969 


1972 


1979 
1977 


1975 


1976 


SNAZE 


1978 


1979 


1979 


1980 
1985 


1982 


1984 


1984 
1985 


1985 


1986 


1987 


1987 


13 
340 
630 


1,146 
1,240 


640 
795 
770 
17 
870 
1,230 


864 
1,268 


deco 
1,260 


1,249 
1,249 


1,290 
1,307 
i227, 


296 


Net Electrical Output 


MW 


MW 


MW 


MW 
MW 


MW 


MW 


MW 


Contractor 
BB-Krupp 
Siemens 
Siemens 


Siemens-KWU 
Siemens-KWU 


AEG 
Siemens-KWU 
AEG-KWU 
Interatom 
AEG-KWU 
Siemens-KWU 


AEG-KWU 
KWU 


KWU 
AEG-KWU 


KWU 
KWU 


KWU 
KWU 
RWE 


Konsortium THTR 


Source: France, Commissariat a I'Energie Atomique, Les Centrales Nucléaires dans le Monde, 1987 
Edition, Paris, 1987, p. 16-17; Breest, H.-Ch., Nuclear Energy in the Federal Republic of 
Germany, Edition No. 101, Federal Ministry for Environment, Nature Conservation and Nuclear 
Safety, Federal Republic of Germany, March 1988, Figure 2. 
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Apart from the stalled Kalkar FBR, completion of the remaining three PWRs will 
end the current phase of West Germany's nuclear power program. Until growth in the 
demand for electricity picks up and until first generation power reactors are 
decommissioned and require replacement, the Committee was told that further reactor 
orders will not be placed. 


SBK has a 16% interest in the French 1,200 MW Super-Phénix fast breeder 
reactor in Creys-Malville near Lyons. Shareholders in Super-Phénix are entitled to a 
share of the electricity generated proportional to their interest. The RWE holding is 
three-quarters of the SBK share, or 12% of the project. RWE also has a 7.5% interest in 
a proposal to construct a new nuclear power station in Switzerland and SBK holds a 
51% share in a European consortium proposing to build a prototype breeder reactor in 
West Germany. (RWE, 1988) These examples demonstrate the international coopera- 
tion among Western European utilities in reactor construction, especially in breeder 
reactor technology, which also spreads the burden of the financial risk. The problems 
in licensing Kalkar, however, threaten to upset this cooperation. 


The view expressed to the Committee by the West German Government was 
that nuclear energy is an essential component of the national energy system — nuclear 
and solar are the energy forms of the future. The principal challenge is to tailor these 
energy forms to the West German situation. Maintaining environmental quality is one of 
the main rationales for the West German nuclear program; the accumulation of carbon 
dioxide in the atmosphere is considered to be one of the most critical environmental 
issues of the future. According to Government representatives, the most important 
public issue in the German nuclear program today is resolving the radioactive waste 
management problem. 


In the aftermath of Chernobyl, the German Reactor Safety Commission 
reexamined West Germany's reactors and concluded that no doubt had been cast on 
their safety. The German reactor program has never suffered a significant accident. As 
an RWE executive expressed it, "Chernobyl proved that it is possible to construct a 
reactor so badly and operate it so badly that an accident can occur. We already knew 
that." 


RWE believes that no new nuclear generating capacity will be required in West 
Germany in the remainder of this century. Nonetheless, the utility will continue to work 
with KWU to plan for the reactor system of the year 2000. This is considered essential 
to preserve and expand the base of knowledge in German reactor development. 
Several billion dollars may have to be invested to preserve the nuclear option until it is 
once again required in West Germany. This is regarded as a necessary investment in 
the country's future. 


Under current conditions, nuclear power is the most cost-effective generating 
option for West Germany. RWE quoted 10-12 pfennig/kWh as the projected average 
cost of nuclear-electricity in the early 1990s, compared with a 15-17 pfennig/kWh 
projected cost for coal-fired electricity using domestically mined coal and given the 
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strict new environmental controls which coal-fired plants will have to meet. This cost 
differential is expected to widen with time. RWE told the Committee that it is spending 
six billion marks (about $C 4 billion at the current exchange rate) to control acid gas 
emissions at its 11,000 MW of lignite-fired generating capacity. If Germany's coal-fired 
plants were instead to burn imported coal, at today's depressed prices, they could just 
barely match nuclear power at its current cost. 


Public liability in West Germany for nuclear accidents is split between the 
utilities and the state. The primary responsibility — up to one billion marks 
(approximately $C 675 million at the time of writing) — lies with the producer of the 
electricity. The Federal Government assumes an unlimited liability should claims 
exceed that amount. 


The Germans have also been concerned with protecting their reactors against 
either sabotage or accident. Germany has tried to engineer its reactors so that an 
operator or a saboteur couldn't harm the outside environment even if successful in 
wrecking the reactor. Early German reactors were built with a concrete containment 
shell about 0.5 metres thick, designed to survive the impact of a light aircraft striking the 
shell. Newer reactors are protected by a 1.8 metre thick shell, designed to survive the 
impact of a fully loaded Tornado fighter aircraft weighing 17 to 18 tonnes. A jumbo jet 
represents less of a hazard because its mass would be distributed over a much larger 
section of the containment shell in an impact. As one official observed, the probability 
of an aircraft crashing into a stadium containing 50,000 people is higher and stadiums 
are not protected from such events, whereas Germany's reactors are. 


Despite an admirable reactor safety record, one of the most advanced 
radioactive waste management programs in the world, a lack of indigenous energy 
resources apart from coal and serious air pollution problems, West Germany is still 
facing substantial public opposition to its nuclear power program. 


3. Radioactive Waste Management 


The West German nuclear program also includes uranium enrichment facilities, 
fuel fabrication plants for uranium oxide and mixed oxide fuel production, spent fuel 
and reactor waste interim storage, spent fuel reprocessing (to be done at a facility 
being developed at Wackersdorf in Bavaria) and the final disposal of radioactive 
wastes (with a final repository planned for the Gorleben salt dome). Until the 
Wackersdorf reprocessing plant is operational, spent fuel from the German reactors is 
being reprocessed under contract by the French company COGEMA and the British 
company BNFL (British Nuclear Fuels Limited). 


West Germany has also seen its radioactive waste management program 
become the subject of strong public opposition, despite the Government's belief that it 
has put a strong, well-conceived program in place. Research has focussed on the use 
of salt as a disposal medium. In 1965, the disused Asse salt mine was purchased by 
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the federal government to develop methods for storing radioactive wastes. From 1967 
to 1978, approximately 124,500 drums of low-level wastes and 1,300 drums of 
intermediate-level waste were stored in the mine. An amendment to the Atomic Energy 
Act in 1976 resulted in the expiry of storage licences in 1978. Since then Asse has 
been used to continue R&D into salt as a disposal medium for radioactive wastes. Asse 
is judged unsuitable for high-level waste disposal but may be reopened as a repository 
for low- and intermediate-level wastes. (FRG, PTB, 1985) 


In the 1970s, interest in using geologic formations other than salt led to 
investigation of the disused Konrad iron mine near Asse as a repository for wastes with 
low thermal impact. The Konrad mine is exceptionally dry, being overlain by clay-rich 
strata. The position of the mine workings at a depth of 800 to 1,300 metres is also a 
favourable feature. Licensing procedures have begun to establish the Konrad mine as 
a repository. 


Also in the mid-1970s, the Gorleben salt dome north of Asse was selected as a 
provisional site for a repository to contain all categories of radioactive waste. If the site 
investigation confirms its suitability and the licensing procedure confirms the site, 
construction of a repository could start after 1995 with the emplacement of wastes at 
the turn of the century. 


Work in the Asse salt mine and the subsequent studies in the Gorleben salt 
dome, both near the northeastern border with East Germany, triggered public 
opposition which has delayed the program. The intermediate storage facility for spent 
fuel elements at Gorleben is technically operational but has not entered service 
because of litigation. Construction of a second such facility in Ahaus is suspended by a 
court order. A storage facility for low-level radioactive waste at the Gorleben site is 
functional. Licensing is under way to construct a pilot plant at Gorleben for the 
conditioning of high-level wastes prior to final disposal in a facility also proposed for 
this salt dome. A 1987 accident in an exploratory shaft has set back the work schedule 
on the disposal facility by about a year. The disposal program is studying the 
emplacement of both reprocessing wastes and spent fuel at Gorleben. Approximately 
one billion marks (almost $C 700 million) has already been spent in this effort. 


Under West German law, electric utilities must demonstrate in a six-year 
moving plan that they can manage spent reactor fuel. The Wackersdorf reprocessing 
plant and the program for disposing of reprocessing wastes at Gorleben are part of this 
demonstration. If the utilities instead decided to go to the direct disposal of spent fuel, 
they would no longer meet the requirements for their operation. Until direct disposal is 
sufficiently well studied to qualify as a safe disposal method, the utilities cannot 
abandon the Wackersdorf program for reprocessing irradiated fuel. The West German 
representatives observed that theirs was the only country to tentatively site a disposal 
facility, but this is no longer the case since the United States legislated the Yucca 
Mountain site in Nevada for its disposal facility (subject to site verification work). 


Electricity consumers will pay for the waste management program entirely, 
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since German electric utilities absorb the costs and in turn incorporate them into the 
rate base. The state governments are responsible for administering the program but 
not for funding it. 


D. The French Nuclear Power Program 


1. History of French Nuclear Development 


France has a population of 56 million inhabiting a country of 549,000 square 
kilometres (212,000 square miles). The Committee's visit to France was limited to Paris 
and its immediate surroundings. Given the centralized nature of the French 
Government, however, this still afforded Committee members the opportunity to speak 
with officials from many of the relevant agencies in the nuclear field. 


The French reactor program was initially based on a graphite-moderated and 
gas-cooled reactor fuelled with natural uranium. Nine reactors of this type were built, 
beginning with the 2 MW Marcoule G—1 reactor which was connected to the grid in 
1956 and ending with the 540 MW Bugey-1 reactor connected in 1972. Four of these 
reactors are still in service. France began building PWR reactors in the 1960s, with the 
310 MW Chooz A-1 unit being the first of this type to see service in 1967. In 1969, 
France decided to base its nuclear power program on the PWR, while recognizing that 
the breeder reactor was likely to play a key role in long-term nuclear development. 


The problems caused by the 1973 oil embargo convinced France that energy 
independence was vital to the country's interests. In 1974, the French Government 
charged Electriciteé de France (EdF), the national electric utility, with the task of 
developing a nuclear power program capable of providing one-third of the nation's 
total energy needs by the year 1990. In 1987, France generated a greater share of its 
electricity — 70% — from nuclear units than any other country. France is second only to 
the United States in installed nuclear generating capacity. Almost one-sixth of nuclear 
reactor construction worldwide is taking place in France, whose nuclear building 
program is exceeded only by that of the Soviet Union. How France has managed this 
remarkable achievement is well expressed in the words of the Director-General of 
EdF's Engineering and Construction Division (EdF, 1986, p. 3): 


The essential ingredient in the success of France's nuclear power program is 
the high level of competence of each sector involved in the program. Success also rests 
on government's, EDF's, and industry's determination to reach defined goals. The 
coordinated implementation of skills and resources has endowed our nuclear power 
industry with a unique degree of coherence that explains its ability to get things done. 


Perhaps one of the reasons that France has embraced nuclear power with so 
little public dissent is the central role that French scientists have played in the 
development of nuclear physics. Henri Becquerel, Pierre and Marie Curie, Frédéric 
Joliot and others brought distinction to French nuclear science. Even so, this 
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distinguished history does not explain the French success. What also stands out is the 
organization that France has brought to the enterprise. 


Key Components of the French Nuclear Power Program 


Electricité de France is the world's largest electric utility, created in 1946 by the nationalization 
of more than 1,500 electricity producing and distributing companies. EdF generates 90% of 
France's electricity, owns all of the national transmission system and distributes 96% of the 
electricity. The utility designs, constructs, owns and operates its nuclear plants. EdF's electricity 
sales in 1986 amounted to 140 billion francs ($C 28 billion). It is France's largest investor, with 37 
billion francs ($C 7.4 billion) invested in 1986. 


The French nuclear industry is structured around two poles: the Commissariat a I'Energie 
Atomique (French Atomic Energy Commission) and its subsidiaries on one hand and the major 
nuclear suppliers, led by Framatome and Alsthom, on the other. 


The Commissariat a I'Energie Atomique is a huge public company — with many subsidiaries 
and 40,000 employees — whose primary focus is nuclear research and development. CEA performs 
basic and applied research, develops military applications of atomic energy, is involved with all 
aspects of the nuclear fuel cycle including radioactive waste management, and provides assistance 
to the government in the fields of nuclear safety and security. COGEMA is CEA's largest subsidiary; 
its 14,000 employees supply the entire range of services associated with the nuclear fuel cycle. 
Also part of CEA is ANDRA - I'Agence Nationale pour la gestion des Déchets Radioactifs (National 
Radioactive Waste Management Agency). Since 1983, all of CEA's interests have been grouped in 
the holding company CEA-Industrie. 


Framatome, established in 1958, designs and manufactures the main components of PWR 
reactors — pressure vessels, steam generators, pressurizers and in-core instrumentation. With its 
5,000 employees, Framatome has performed the R&D and manufacturing of the nuclear steam 
supply systems for all three series of French PWRs. Framatome manufactures reactor fuel; carries 
out the supply, assembly, testing and commissioning of nuclear equipment; and performs reactor 
in-service inspections. Novatome, 70% owned by Framatome, built the Creys-Malville fast breeder 
reactor. Framatome also builds research reactors and nuclear propulsion reactors for submarines. In 
January of 1986, Framatome was reorganized and its new capital structure includes a 35% interest 
held by CEA-Industrie and a 10% interest held by EdF. 


Alsthom is a group of companies employing 40,000 people and one of France's two largest 
heavy equipment manufacturers. One-third of Alsthom's activities are concentrated in the design 
and fabrication of electric power plant equipment; it is France's only manufacturer of turbo- 
generators. 


Sources: EdF, 1986; Canada, External Affairs, Canadian Embassy, Paris, 1988; Framatome, 1987. 


In 1946, the Commissariat a I'Energie Atomique (CEA) assumed responsibility 
for promoting the use of nuclear energy in France. CEA's work resulted in three 
experimental power reactors being built at Marcoule. These reactors were the 
prototypes of the GGCR (natural uranium fuelled, graphite moderated, gas cooled) 
series. In 1956, the French Government asked EdF to build the first commercial 
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GGCRs, which took the form of the Chinon units A1, A2 and A3. The largest and last 
GGCR unit built in France was the 515 MWe (net) Bugey 1 reactor, which was 
connected to the grid in 1972. After development work on the enriched uranium, light 
water reactor design in the 1960s, France decided in 1969 to continue its nuclear 
program based on the PWR. (EdF, 1986) 


Having made this decision, the French Government undertook to establish a 
technically independent nuclear program. This process culminated in 1981 when the 
CEA acquired the Westinghouse interest in Framatome and terminated its licensing 
agreements with the American reactor manufacturer. 


France also elected to design standardized reactor products, manufactured in 
series but adaptable to different sites. The result has been three groups of reactors: the 
900 MW, 1,300 MW and 1,500 MW classes. To accommodate improvements in reactor 
technology, EdF has pursued a stepped evolution which has allowed for reactor 
sub-series within a class. These sub-series are distinguished by design improvements 
within the general class. Thus the 900 MW class has six "pre-series" reactors, 18 
reactors of the "CP1" type and 10 reactors of the "CP2" type. All 34 reactors of the 900 
MW class have entered service. In the 1,300 MW class, all 8 reactors of the "P4" type 
are in service and 4 of the 12 reactors of the "P'4" type had entered service by the end 
of 1987. Six reactors of the "N4" type in the 1,500 MW class are under construction. Six 
smaller reactors (four GGCRs, one PWR and one fast breeder) are also in service in 
France. During 1988, two 1,300 MW class reactors are expected to be connected to the 
national grid. (Framatome, 1988) 


The first 900 MW reactor, Fessenheim 1, took 78 months to complete. 
Construction of the early CP1 units of the 900 MW class averaged about 70 months 
and later units were built in an average of 60 months. The 1,300 MW class reactors are 
taking from 72 to 80 months, from the start of civil works to grid connection, but the work 
schedule on some of these units is deliberately being stretched out because electricity 
demand has not grown as rapidly in recent years as had been forecast. (EdF, 1986) 


In 1973, France obtained only 22.5% of its primary energy supply from 
domestic sources; in 1986, that share had risen to 46.2%, almost entirely due to the 
expansion of the nuclear power program. In the year 2000, France projects between 
52% and 58% self-sufficiency in primary energy output. Figure 10 illustrates the 
change in France's energy self-sufficiency from 1960 to 1986. The decline in 
self-sufficiency from 1960 to 1973 reflects the substitution of imported oil for 
domestically produced coal in French energy use. Primary electricity represented 
32.7% of France's consumption of primary energy in 1986 and nuclear-electricity 
accounted for 69.7% of the electricity used; therefore, nuclear-electricity comprised 
about 23% of French primary energy use. France projects that nuclear-electricity will 
Satisfy 32% of its energy demand in 1990 (compared with 1.8% in 1973), oil 30% (66% 
in 1973), coal 15% (17.2% in 1973), natural gas 12% (8.4% in 1973), hydro-electricity 
8% (5.5% in 1973) and renewable energy forms 3% (1.1% in 1973). 
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Figure 10: French Self-sufficiency in Primary Energy, 1960-1986 


% Self-sufficiency 


Year 


Source: Observatoire de |'Energie, France. 


2. The Current Power Reactor Program 


France had 53 power reactors in service with a net installed generating 
capacity of 44,133 MWe as of 1 January 1988. An additional 10 units are under 
construction and will add a further 13,410 MWe to France's nuclear-electric generating 
Capacity. Six older, smaller units have been shut down. 


Table 11 presents information on France's operating power reactors. 


In 1987, nuclear-electric generation accounted for 69.8% of France's total 
production of electricity. This share has grown rapidly in the 1980s, as the following 
Statistics for nuclear-electricity as a percentage of total electricity output show: 1986 — 
69.7%; 1985 — 64.9%; 1984 — 58.7%; 1983 — 48.3%; and 1982 — 38.7%. No other 
country in the world has this level of reliance on fission power in its domestic electricity 
system, and France projects that in 1990 three-quarters of its electricity (and almost 
one-third of the country's total requirement for primary energy) will be of nuclear origin. 


Table 11: France's Operating Power Reactors at 1 January 1988 


Reactor Unit / Type 


Chinon A-3/ GGCR 
Chinon B-1/ PWR 
Chinon B-2 / PWR 
Chinon B-3 / PWR 
Chinon B-4 / PWR 


St-Laurent A-1 /GGCR 
St-Laurent A-2 /GGCR 
St-Laurent B-1 / PWR 
St-Laurent B-2 / PWR 


Chooz A-1/ PWR 


Bugey-1 / GGCR 
Bugey-2 / PWR 
Bugey-3 / PWR 
Bugey-4/ PWR 
Bugey-5 / PWR 


Phénix / FBR 


Fessenheim-1 / PWR 
Fessenheim-2 / PWR 


Dampierre-1 / PWR 
Dampierre-2 / PWR 
Dampierre-3 / PWR 
Dampierre-4 / PWR 


Gravelines B-1 / PWR 
Gravelines B-2 / PWR 
Gravelines B-3 / PWR 
Gravelines B-4/ PWR 
Gravelines C-5 / PWR 
Gravelines C-6 / PWR 


Tricastin-1 / PWR 
Tricastin-2 / PWR 
Tricastin-3 / PWR 
Tricastin-4 / PWR 


Table 11 Continues... 


In Operation 


1967 
1984 
1984 
1987 
1988 


1969 
1971 
1983 
1983 


LReWAD 


1972 
1979 
O79 
1979 
1980 


1974 


IRA ee 
1978 


1980 
1981 
1981 
1981 


1980 
1980 
1981 
1981 
1985 
1985 


1980 
1980 
1981 
1981 


87 


Net Electrical Output 


480 MW 
870 MW 
870 MW 
870 MW 
890 MW 


480 MW 
515 MW 
880 MW 
880 MW 


305 MW 


540 MW 
920 MW 
920 MW 
900 MW 
900 MW 


233 MW 


880 MW 
880 MW 


890 MW 
890 MW 
890 MW 
890 MW 


910 MW 
910 MW 
910 MW 
910 MW 
910 MW 
910 MW 


915 MW 
915 MW 
915 MW 
915 MW 


Contractor 


Industrie France 
Framatome 
Framatome 
Framatome 
Framatome 


Industrie France 
Industrie France 
Framatome 
Framatome 


A-F-W 


Industrie France 
Framatome 
Framatome 
Framatome 
Framatome 


Industrie France 


Framatome 
Framatome 


Framatome 
Framatome 
Framatome 
Framatome 


Framatome 
Framatome 
Framatome 
Framatome 
Framatome 
Framatome 


Framatome 
Framatome 
Framatome 
Framatome 
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Table 11 Continued (France's Operating Power Reactors at 1 January 1988) 


Reactor Unit / Type In Operation Net Electrical Output Contractor 
Blayais-1 / PWR 1981 910 MW Framatome 
Blayais-2 / PWR 1983 910 MW Framatome 
Blayais-3 / PWR 1983 910 MW Framatome 
Blayais-4 / PWR 1983 910 MW Framatome 
Cruas Meysse-1 / PWR 1984 880 MW Framatome 
Cruas Meysse-3 / PWR 1984 880 MW Framatome 
Cruas Meysse-2 / PWR 1985 900 MW Framatome 
Cruas Meysse-4 / PWR 1985 880 MW Framatome 
Paluel-1/ PWR 1985 1,330 MW Framatome 
Paluel-2 / PWR 1985 1,330 MW Framatome 
Paluel-3 / PWR 1986 1,330 MW Framatome 
Paluel-4 / PWR 1986 1,330 MW Framatome 
Saint Alban-1 / PWR 1986 1,335 MW Framatome 
Saint Alban-2 / PWR 1987 1,335 MW Framatome 
Flamanville-1 / PWR 1986 1,330 MW Framatome 
Flamanville-2 / PWR 1987 1,330 MW Framatome 
Cattenom-1/ PWR 1987 1,300 MW Framatome 
Cattenom-2 / PWR 1987 1,300 MW Framatome 
Belleville-1 / PWR 1987 1,310 MW Framatome 
Nogent-1 / PWR 1987 1,310 MW Framatome 
Super-Phénix / FBR 1987 1,200 MW Novatome 


Source: France, Commissariat a I'Energie Atomique, Les Centrales Nucléaires dans le Monde, 1987 
Edition, Paris, 1987, p. 22-23; France, Commissariat a I'Energie Atomique, Dossier France au 1° 
janvier 1988, CEA/DPg—E/88-53/JCLR, Paris, 1988. 


Nuclear generating capacity already exceeds the base load and many of the 
900 MW reactors are cycled to meet peaking power needs. Load following is most 
commonly required in May and June. In 1985, there were 935 daily cyclings by the 900 
MW class reactors. During the peak month of June, there were more than 200 cyclings, 
with the 900 MW reactors running at less than 40% of capacity as a group during about 
90 of those cyclings. (EdF, 1986) Some concern has been expressed about the 
stresses imposed on a reactor whose power level fluctuates on a frequent basis, but 
the French have no evidence to suggest that load following is prematurely aging these 
reactors. 
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Despite this less than optimal use of some of their reactors, the French claim a 
distinct cost advantage for nuclear-electricity. In 1985, 1 kilowatt-hour of nuclear- 
electricity cost 0.180 francs to produce while 1 kWh of coal-fired electricity cost 0.405 
francs, more than twice as much. EdF asserts that "the French kWh is the cheapest in 
Europe." For a French power plant going into operation in 1992, EdF projects that the 
cost per kWh at a coal-fired station will be more than 150% of the cost at a nuclear 
station. (EdF, 1986) 


Framatome has established an impressive record since the mid-1970s. Within 
France, the company built thirty-four 900-megawatt units from 1977 through 1987 and 
twelve 1,300-megawatt units from 1984 through 1987. Abroad, Framatome constructed 
five 900-megawatt units from 1975 through 1985. This totals 51 reactors in just 13 
years, or an average of almost four units per year. Ten 1,300- and 1,500-megawatt 
units will be completed in France from 1988 through 1993, and four units will be 
completed abroad within the same period of time. The foreign sales have been to 
Belgium (three units operating and one under construction); South Africa (two units 
operating); South Korea (two units under construction); and China (two units under 
construction). (Framatome, 1988) 


The remaining reactors under construction mark the end of France's intensive 
phase of reactor development. With reduced rates of load growth, reactor orders may 
fall to as few as one every 18 to 24 months. The French Government has committed 
itself, however, to providing whatever support is required to sustain domestic reactor 
manufacturing capability through this period of reduced activity. Continuing 
maintenance work on France's operating reactors, together with any reactor sales 
generated domestically or abroad, will be sufficient to sustain an essential level of 
activity. Framatome will intensify its work on improved unit performance, higher unit 
availability, safety enhancement and improved instrumentation and control systems. 
Framatome is also studying reactor life extension programs; officially, French reactors 
are designed for 40 years of operation but may be able to remain in service longer. 
Framatome observed that it builds reactor pressure vessels with about one-third as 
many welds as American-built pressure vessels. Therefore the French-made pressure 
vessels will suffer less embrittlement over time and should have a greater life 
expectancy. 


Framatome will also diversify into non-nuclear fields, such as computer-based 
industrial systems, work on compressors and turbines, and special equipment and 
services in space and military applications of high technology. Another initiative is to 
fashion accords with foreign partners. For example, Framatome has an agreement with 
Babcock & Wilcox to market PWR fuel assemblies in North America; has entered into a 
joint study with KWU on the feasibility of introducing nuclear power in Indonesia; and, 
together with EdF and Westinghouse, is developing computer-aided training and 
systems services. 


The French Government intends that Framatome will survive the temporary 
slump in reactor construction, whatever is required. 
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An objective of the CEA, arising from France's determination to be more 
independent in its energy system, has been complete control of the nuclear fuel cycle. 
This has been achieved. Uranium is produced by COGEMA, which controls two-thirds 
of France's reserves of this metal and produces 80% of the uranium mined in France. 
In the non-Communist world, COGEMA has access to more than 20% of uranium 
reserves. Through direct participation or acting through affiliates and subsidiaries, 
COGEMA has acquired uranium interests in such countries as Canada, the United 
States, Spain, Gabon, Niger, Zambia and Senegal. In Canada, COGEMA is the 
principal shareholder in Amok Ltd. (with a 38% direct interest and, through its 100% 
ownership of Compagnie de Mokta, a further 37% interest), mining at Cluff Lake in 
Saskatchewan, and holds a 36.4% interest in Cigar Lake Mining Corp., a joint venture 
with Saskatchewan Mining Development Corporation and Idemitsu. In 1986, COGEMA 
produced 7,700 tonnes of uranium concentrates, including 2,600 tonnes from its 
French mines. (Canada, External Affairs, Canadian Embassy, Paris, 1988; France, 
CEA, 1987) 


Ore conversion into uranium metal and uranium hexafluoride is done by 
Comurhex, 49% owned by COGEMA. France's refining and conversion capacity is 
approximately 25,500 tonnes of uranium per year, or 25% of the non-Communist 
world's capacity. Its share of the market is roughly the same. France's uranium 
enrichment capacity is 11.4 million swu (isotope separative work units) () per year, out 
of a world capacity, including the Communist bloc, of 32.1 million swu/year. The great 
bulk of this capacity — 10.8 million swu/year — is represented by the Eurodif plant at 
Tricastin, the world's largest uranium enrichment complex. COGEMA holds a 51.5% 
interest in Eurodif, with Italy, Spain and Belgium being the other participants. Eurodif 
can supply the fuel for about ninety 1,000 MW reactors on a continuing basis. Eurodif 
currently holds about 43% of the global market for uranium enrichment. (NEI, 1988; 
Personal communication: CEA, 14 April 1988) 


COGEMA is similarly involved in the business of fuel fabrication. Fuel for the 
GGCRs and fast breeder reactors is manufactured by SICN (Sociéte Industrielle de 
Combustible Nucléaire), a wholly-owned subsidiary of COGEMA. Fragema, owned 
equally by COGEMA and Framatome, markets LWR fuel which is made by FBFC, 
owned 25% by COGEMA, 25% by Framatome and 50% by Uranium Péchiney. The 
fabrication of mixed-oxide (uranium-plutonium) fuels is done by Commox, owned 60% 
by COGEMA and 40% by Belgonucléaire. France has developed the capacity to 
manufacture about 1,550 tonnes of heavy metal (uranium and plutonium) fuel per year, 
and claims approximately 19% of the market. (Canada, External Affairs, Canadian 
Embassy, Paris, 1988; France, CEA, 1987; Personal communication: CEA, 14 April 
1988) 


(1) The separative work unit is a measure of the effort expended in separating uranium into two streams, 
one enriched and the other depleted. The separative work unit is independent of the separation 
process applied. The kilogram is the unit of separative work, and enrichment charges and energy 
consumption are calculated per kilogram of separative work performed. 
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The reprocessing of spent fuel is carried out in COGEMA plants at Marcoule 
and La Hague. La Hague is undergoing a major expansion which will boost its 
reprocessing capability from 400 tonnes of heavy metal/year to 1,600 tonnes. Marcoule 
has a capacity of 600 tonnes/year. One of the new 800 tonnes/year reprocessing 
plants at La Hague is dedicating the first 10 years of its operation to 30 foreign 
customers of COGEMA who signed reprocessing contracts and financed its 
construction. 


3. Radioactive Waste Management 


ANDRA, the National Radioactive Waste Management Agency, is a non-profit 
government agency established in 1979 by ministerial decree within the CEA. It is 
responsible for the long-term management of all types of radioactive wastes from all 
sources. ANDRA reflects the decision by the French Government to separate 
radioactive waste management from regulatory and inspection activities. 


ANDRA has two responsibilities: (1) to manage existing disposal sites of which 
there is one at Centre de la Manche on the Cotentin Peninsula; and (2) to design, site 
and construct new long-term facilities. Funding to cover the costs of these activities 
including transportation of radioactive wastes to the facilties comes directly from the 
waste producers, particularly EdF but also research laboratories, hospitals, universities 
and industry. No public funds are used for waste management. ANDRA notes that, in 
1982, radioactive wastes were being created in France at the rate of 1 kg per capita 
annually, while all other domestic and industrial wastes were being generated at the 
rate of 2,500 kg per capita annually (France, CEA, ANDRA, undated). 


Radioactive wastes are divided into two categories for disposal. Short-lived 
wastes are those radioactive materials having a half-life of up to 30 years. After 300 
years (ten times the longest half-life of any radionuclide in this group), the residual 
radiological risk at the disposal facility will be so low that the site can be put to 
unrestricted use. Short-lived wastes are therefore adequately cared for in the French 
view by near-surface disposal. Long-lived wastes, whether low-, intermediate- or 
high-level, must be kept from the population for thousands of years and are therefore to 
be disposed of through deep burial (several hundred metres) in stable geological 
formations. 


Near-surface disposal of short-term wastes is based on three levels of 
protection: site selection, facility design and waste packaging. The objective is to 
prevent the radioactive materials from being transported away from the site by water. At 
Centre de la Manche, much of the waste is enclosed in drums. These drums stand 
freely if their contents are low-level wastes; they are encased in concrete monoliths if 
their contents are higher-level wastes. There is a system for monitoring the level of 
radioactivity within the facility and inspection galleries are part of its design. Begun in 
_ 1969, Centre de la Manche was taken over by ANDRA in 1979. This facility has a 
- Capacity of 485,000 cubic metres; to mid-1986, 350,000 cubic metres of wastes had 
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been emplaced. With wastes being added at the rate of approximately 30,000 cubic 
metres annually, Centre de la Manche will be filled in 1991. The site for a new facility 
has been selected about 250 km from Paris and permission to construct a repository 
was granted in 1987. This facility, Known as Centre de l'Aube, will have a capacity of 
one million cubic metres and be adequate for about 30 years. It is scheduled to begin 
commercial operation in late 1990 or early 1991. To stabilize the generation of 
lower-level, short-lived wastes at roughly 30,000 cubic metres per year, France's 
nuclear power stations have begun a major program to decrease waste production. 


The second element of ANDRA's activities is long-lived radioactive waste 
disposal. When the second reprocessing unit at La Hague becomes operational, about 
4,000 to 5,000 cubic metres of long-lived wastes will be generated yearly. By the year 
2000, accumulated wastes will amount to approximately 60,000 cubic metres. ANDRA 
is currently engaged in a site research program to select an appropriate location for a 
disposal facility. Granite, salt, clay and shale are all considered suitable geological 
formations for disposal and France has a research site in each of these four types. A 
program was begun in 1987 to confirm a single site; that process is expected to be 
finished in 1990. The next step will be to construct a full-fledged laboratory to qualify 
the site, with site validation anticipated around 1995. Facility construction could be 
completed by very early in the next century, although ANDRA suspects that this 
schedule may not be met. 


The French regard radioactive waste management as a technical problem; it is 
not an issue whose solution is to be determined by a referendum or by protest. Unlike 
the situation in Sweden and West Germany, local governments in France have no right 
to refuse a site selected by ANDRA for a disposal facility. To date there has not been 
any significant problem with public acceptance of the waste management program, in 
part because ANDRA undertakes a major public information program to explain its 
activities. The public is said to be strongly opposed, however, to the notion of accepting 
radioactive wastes from other countries. 


E. The U.S. Nuclear Power Program 


1. History of American Nuclear Development 


The first demonstration of a sustained fission chain reaction was accomplished 
by Enrico Fermi, under the stands of Stagg Field at the University of Chicago. Fermi 
built a graphite-moderated natural uranium "pile" operating at very low power so that it 
could be cooled in the open air. This pile went critical on December 2, 1942, and was 
immediately followed by the construction of larger piles at Hanford in Washington 
State, with the intention of producing plutonium for an atomic bomb. 


Congress subsequently passed the Atomic Energy Act of 1946, which dealt 
with the continued military development of nuclear energy while establishing a legal 
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framework for industrial applications. This Act created the Atomic Energy Commission 
(AEC) and provided it with oversight authority for U.S. nuclear activities. In 1954, 
Congress approved a program to build five industrial prototype reactors. These 
included an experimental boiling water reactor at the Argonne National Laboratory 
near Chicago; a graphite-moderated sodium-cooled reactor at Santa Susanna in 
California; a heavy water reactor at Oak Ridge, Tennessee; an experimental breeder 
reactor at Idaho Falls; and the 60 MW Shippingport prototype PWR reactor which 
began operation in 1957. Shippingport became the first civilian power reactor in the 
United States, and was built by Westinghouse under contract for the AEC. It remained 
in service as a power reactor until 1974, ending its life as a test reactor before being 
decommissioned in 1982. 


With the assistance of the AEC, private companies took up civilian reactor 
construction. After Shippingport, Westinghouse constructed the 185 MW Yankee Rowe 
PWR in Massachusetts, which entered service in 1961. Babcock & Wilcox built the 265 
MW Indian Point 1 reactor near New York City, continuing the evolution of the PWR 
design. General Electric opted for the BWR design path, building the 200 MW Dresden 
1 reactor in Illinois for Commonwealth Edison. From this auspicious beginning, the 
U.S. nuclear industry was to grow rapidly through the 1960s and 1970s. 


The accident at unit 2 of the Three Mile Island nuclear power station near 
Harrisburg, Pennsylvania on March 28, 1979 was a major setback to the U.S. nuclear 
program. The plant was extensively damaged and radioactivity was released to the 
environment. The average radiation dose delivered to an individual living within a 
five-mile radius of the plant was calculated to be about 10% of the annual background 
radiation, and the maximum exposure to an off-site individual in the general population 
was estimated at 70 millirems. [This level of exposure is roughly half of what an 
average person would be exposed to over the course of a year from natural sources, 
medical sources, etc.] Exposure of the general public to radioactivity was so small that 
it was concluded that there would be no detectable increase in the cancer rate, 
developmental abnormalities or genetic effects. Nonetheless, the accident had a 
profound impact. As the 1979 Report of The President's Commission on the Accident at 
Three Mile Island observed (page 2): 


... The accident was initiated by mechanical malfunctions in the plant and made much 
worse by a combination of human errors in responding to it...During the next 4 days, the 
extent and gravity of the accident was unclear to the managers of the plant, to federal 
and state officials, and to the general public. What is quite clear is that its impact, 
nationally and internationally, has raised serious concerns about the safety of nuclear 
power... 


The Commission stated that its findings did not require drawing the conclusion 
that nuclear power is inherently too dangerous to be exploited, but did observe that 
"fundamental changes are necessary if those risks [associated with nuclear power] are 
to be kept within tolerable limits". The Commission concluded that people-related 
problems were the fundamental issue, not equipment problems. 
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When we say that the basic problems are people-related, we do not mean to 
limit this term to shortcomings of individual human beings — although those do exist. We 
mean more generally that our investigation has revealed problems with the "system" that 
manufactures, operates, and regulates nuclear power plants. There are structural 
problems in the various organizations, there are deficiencies in various processes, and 
there is a lack of communication among key individuals and groups... 


We note a preoccupation with regulations. It is, of course, the responsibility of 
the Nuclear Regulatory Commission to issue regulations to assure the safety of nuclear 
power plants. However, we are convinced that regulations alone cannot assure safety. 
Indeed, once regulations become as voluminous and complex as those regulations now 
in place, they can serve as a negative factor in nuclear safety. The regulations are so 
complex that immense efforts are required by the utility, by its suppliers, and by the NRC 
to assure that regulations are complied with... 


The most serious "mindset" is the preoccupation of everyone with the safety of 
equipment, resulting in the down-playing of the importance of the human element in 
nuclear power generation. We are tempted to say that while an enormous effort was 
expended to assure that safety-related equipment functioned as well as possible, and 
that there was backup equipment in depth, what the NRC and the industry have failed to 
recognize sufficiently is that the human beings who manage and operate the plants 
constitute an important safety system. (United States, The President's Commission on 
the Accident at Three Mile Island,1979, p. 8-10) 


It is the Committee's impression that many of these systemic problems persist in 
the U.S. nuclear power program. 


The United States terminated its main work on breeder reactors when 
Congress voted to end support of the 350 MW Clinch River, Tennessee breeder 
project. Begun in 1973, Clinch River had absorbed nearly $US 2 billion when the 
project was stopped. 


The expansion of U.S. nuclear generating capacity since the 1973 oil embargo 
is calculated to have displaced more than 3.5 billion barrels of imported oil at a saving 
estimated to approach $US 100 billion. The corresponding capital investment in this 
expanded nuclear-electric generating capacity amounted to $US 130 billion. In 1973, 
nuclear-electricity stood fifth in the United States among the various sources of electric 
power production. Nuclear power overtook oil-fired generation in 1980, gas-fired 
generation in 1983 and hydro-electric generation in 1984. Today, nuclear power 
stands second only to coal-fired generation. 


Although total energy consumption in the United States in 1986 was up by only 
about 2% from the level of 1973, the demand for electricity had increased by more than 
40% while the demand for non-electric energy had fallen by approximately 11%. 


To the end of 1987, 13 state referenda had been held to shut down operating 
power reactors or to prevent the operation of reactors under construction. All 13 
referenda had been defeated. Seven votes were held in 1976; two have been 
conducted since the Chernobyl accident. Three attempts to shut down Maine's one 
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operating power reactor, Maine Yankee, failed by margins of 60-40 (1980), 55-45 
(1982) and 59-41 (1987). Maine Yankee has produced electricity for 15 years at an 
average operating cost of 2.5 cents/kWh, one of the lowest unit costs in the world. 
(USCEA, 1988b) At least three attempts will be made to shut down operating power 
reactors during 1988 (in California, Oregon and Massachusetts). 


2. The Current Power Reactor Program 


The United States has the world's largest nuclear-electric power program. At 
January 1, 1988, there were 109 operable reactors totalling 97.2 GW of generating 
Capacity, 14% of the nation's total electrical generating capacity. These units supplied 
approximately 18% of the electricity generated in the United States during 1987. 
Thirty-three of the 50 states have licensed power reactors, led by Illinois with 13 units. 
Fourteen reactors with an aggregate capacity of 16.6 GW are under construction and 
two reactors with a capacity of 2.2 GW are on order. Four states (Vermont, Connecticut, 
New Jersey and South Carolina) derive more than 50% of their electricity from nuclear 
generation, with Vermont leading at 76% in 1987. An additional 12 states obtain more 
than 25% of their electricity from nuclear stations. (USCEA, 1988a) Table 12 lists 
operable power reactors by state, as of January 1, 1988. 


The PWR design has dominated the U.S. program, with twice the installed 
Capacity of the BWR type (65,299 MW of PWR capacity compared with 33,802 MW of 
BWR capacity, as of July 1987). With the exception of two BWR units, all of the reactor 
Capacity under construction in the United States today is of PWR design. (NEI, 1988, p. 
3) 


Although this world-leading program is an impressive accomplishment in the 
country that originated the LWR technology, the statistics obscure the fact that the U.S. 
nuclear power program is in disarray today. Not a single new unit is planned in the 
United States, and the most recently-placed reactor order, after reactor cancellations 
are excluded, dates back to October of 1973. Thus every remaining reactor under 
construction in the United States is 15 years or more old. It was made clear to the 
Committee in its U.S. discussions that no new reactor orders will be placed as long as 
the current conditions prevail. 


The average U.S. electrical generating station is now 19 years old. Although 
life-extension programs are underway at many of these stations, both fossil-fuelled and 
nuclear, the growing age of American electric capacity is causing some erosion in 
generating efficiency. Coupled with the lack of new generating capacity, problems in 
electric power reliability will soon emerge and, in fact, are already becoming apparent 
in New England. The New England Power Pool had to institute voltage reductions on 
three occasions in 1987 while two completed nuclear plants in or adjoining the region 
— Shoreham on Long Island, New York and Seabrook in Vermont — sit idle. [Seabrook 
is authorized to load fuel but not permitted to operate, and remains in the construction 
permit category although 100% complete.] 
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Table 12: Operating Power Reactors in the United States as of 1 January 1988 


State 


Alabama 


Arizona 
Arkansas 
California 


Colorado 


Connecticut 


Florida 


Georgia 


Illinois 


lowa 
Kansas 


Louisiana 


Maine 
Maryland 


Massachusetts 


Reactor Unit / Type 


Joseph M. Farley 1-2 / PWR 


Browns Ferry 1-3 / BWR 
Palo Verde 1-3/ PWR 


Arkansas Nuclear 1-2 / PWR 


Diablo Canyon 1-2 / PWR 
Rancho Seco 1/ PWR 
San Onofre 1/ PWR 

San Onofre 2-3 / PWR 


Fort St. Vrain/ HTGR 


Haddam Neck / PWR 
Millstone 1/BWR 
Millstone 2/ PWR 
Millstone 3 / PWR 


Crystal River 3/ PWR 
Turkey Point 3-4 / PWR 
St. Lucie 1-2 / PWR 


Edwin |. Hatch 1-2 / BWR 
Alvin W. Vogtle 1/ PWR 


Dresden 2-3 / BWR 
Zion 1-2 / PWR 

Quad Cities 1-2/ BWR 
LaSalle 1-2 / BWR 
Braidwood 1-2 / PWR 
Byron 1-2 / PWR 
Clinton 1/ BWR 


Duane Arnold / BWR 
Wolf Creek / PWR 


River Bend 1/ BWR 
Waterford 3/ PWR 


Maine Yankee / PWR 
Calvert Cliffs 1-2 / PWR 


Pilgrim 1/BWR 
Yankee / PWR 


Table 12 continues... 


Commercial 
Operation 


77/81 


74/75/77 
86/86/88 


74/80 


85/86 
75 
68 
83/84 


Net Electrical 
Output (MW) 


829/829 
1065/1065/1065 


1270/1270/1270 
850/912 


1084/1106 
918 
436 
1070/1080 


330 


582 
660 
870 
1153 


850 
666/666 
839/839 


775/781 
1122 


794/794 
1040/1040 
789/789 
1078/1078 
1120/1120 
1120/1120 
933 


565 
ye) 


940 
1104 


825 
825/825 


670 
175 


Manufacturer 


Westinghouse 
General Electric 


Combustion Engineering 
Babcock & Wilcox 


Westinghouse 

Babcock & Wilcox 
Westinghouse 
Combustion Engineering 


General Atomic 


Westinghouse 

General Electric 
Combustion Engineering 
Westinghouse 


Babcock & Wilcox 
Westinghouse 
Combustion Engineering 


General Electric 
Westinghouse 


General Electric 
Westinghouse 
General Electric 
General Electric 
Westinghouse 
Westinghouse 
General Electric 


General Electric 
Westinghouse 


General Electric 
Combustion Engineering 


Combustion Engineering 
Combustion Engineering 


General Electric 
Westinghouse 


oF 


Table 12 Continued (Operating Power Reactors in the United States as of 1 January 1988) 


State 


Michigan 


Minnesota 


Mississippi 
Missouri 
Nebraska 


New Jersey 


New York 


North Carolina 


Ohio 


Oregon 
Pennsylvania 


South Carolina 


Tennessee 


Commercial 
Reactor Unit / Type Operation 
Big Rock Point / BWR 65 
Palisades / PWR 71 
Fermi 2/ BWR 88 
Donald C. Cook 1-2/ PWR 75/78 
Monticello / BWR 71 
Prairie Island 1-2 / PWR 73/74 
Grand Gulf 1/ BWR 85 
Callaway / PWR 84 
Cooper / BWR 74 
Fort Calhoun 1/ PWR 73 
Oyster Creek / BWR 69 
Salem 1-2 / PWR 77/81 
Hope Creek 1/BWR 86 
Indian Point 2-3 / PWR 73/76 
James A. FitzPatrick / BWR Vile) 
Shoreham / BWR (a) 
Nine Mile Point 1-2 / BWR 69/88 
Robert E. Ginna / PWR 70 
Brunswick 1-2 / BWR TUTS 
Shearon Harris 1/ PWR 87 
William McGuire 1-2 / PWR 81/84 
Perry 1/BWR 87 
Davis-Besse 1/ PWR Tee 
Trojan / PWR 76 
Beaver Valley 1-2 / PWR 76/87 


Three Mile Island 1-2/PWR_ 74/78 (b) 


Susquehanna 1-2 /BWR 83/85 
Peach Bottom 2-3 / BWR 74/86 
Limerick 1/ BWR 86 
H.B. Robinson 2 / PWR 71 
Oconee 1-3 / PWR 73/74/74 
Catawba 1-2 / PWR 85/86 


Summer 1 / PWR 84 
Sequoyah 1-2 / PWR 81/82 


Table 12 continues... 


Net Electrical 
Output (MW) 


69 

is, 

1100 
1030/1100 


545 
530/530 


1250 
1120 


760 
492 


650 
1106/1106 
1067 


873/965 
816 

809 
610/1080 
470 


821/821 
900 
1129/1129 


1205 
860 


1130 


833/836 
819/900 
1050/1050 
1065/1065 
1055 


700 
846/846/846 
Dio eS 
885 


1148/1148 


Manufacturer 


General Electric 


Combustion Engineering 


General Electric 
Westinghouse 


General Electric 
Westinghouse 


General Electric 
Westinghouse 
General Electric 


Combustion Engineering 


General Electric 
Westinghouse 
General Electric 


Westinghouse 
General Electric 
General Electric 
General Electric 
Westinghouse 


General Electric 
Westinghouse 
Westinghouse 


General Electric 
Babcock & Wilcox 


Westinghouse 


Westinghouse 
Babcock & Wilcox 
General Electric 
General Electric 
General Electric 


Westinghouse 
Babcock & Wilcox 
Westinghouse 
Westinghouse 


Westinghouse 
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Table 12 Continued (Operating Power Reactors in the United States as of 1 January 1988) 


Commercial Net Electrical 


State Reactor Unit / Type Operation Output (MW) Manufacturer 
Texas South Texas Project 1/ PWR 88 1250 Westinghouse 
Vermont Vermont Yankee / BWR fe 528 General Electric 
Virginia Surry 1-2 / PWR 72/73 781/781 Westinghouse 

North Anna 1-2 / PWR 78/80 926/926 Westinghouse 
Washington WPPSS 2/ BWR 84 1100 General Electric 
Wisconsin Point Beach 1-2 / PWR 70/72 485/485 Westinghouse 

Kewaunee / PWR 74 535 Westinghouse 


Notes: Reactors shown as beginning commercial operation in 1988 hold low power or full power licences 
issued before the end of 1987. 


(a) The Shoreham reactor received a nonrestricted low power operating licence on July 3, 1985, 
but has not been allowed to enter commercial service. 


(b) Three Mile Island 2 has been shut down since the accident of March 28, 1979, and is not 
included as a licensed reactor. Three Mile Island 1 was shut down on March 28, 1979, and 
allowed to resume commercial operation on November 8, 1985. 


Source: U.S. Council for Energy Awareness, Electricity from Nuclear Energy, 1988 Edition, Washington, 
D:C.,, 1988a;,p29-19.- 


State Public Utility Commissions are increasingly unwilling to allow the full cost 
of completed nuclear stations (and some coal-fired stations) be included in the rate 
base. Over the period 1980-1986, state regulators made the following disallowances 
for new power reactors coming into service (values are given in U.S. funds and the 
year of commercial operation is shown in brackets) ("Disallowances by State 
Regulators for Nuclear Units (1980-1986)", Nuclear Industry, March/April 1988, p. 64): 


Wolf Creek 1 (Kansas/1985) — $1,641.0 million 
Waterford 3 (Louisiana/1985) — $284.0 million 
Summer 1 (South Carolina/1984) — $123.0 million 
Susquehanna 1 (Pennsylvania/1983) — $287.0 million 
Susquehanna 2 (Pennsylvania/1985) — $560.0 million 


Shoreham 1 (New York/no commercial service) — $1 ,395.0 million 
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San Onofre 2 & 3 (California/1983 and 1984) — $328.0 million 
Millstone 3 (Connecticut/1986) — $353.0 million 
Limerick 1 (Pennsylvania/1986) — $368.9 million 
Grand Gulf 1 (Mississippi/1985) — $49.0 million 
Fermi 2 (Michigan/1988/1985 full power operating licence) — $680.0 million 
Callaway 1 (Missouri/1984) — $421.7 million 
Byron 1 (lllinois/1985) — $101.5 million 


These disallowances may change in amount as regulatory decisions are 
appealed and court settlements occur. Most U.S. utilities are privately owned and it is 
the stockholders who ultimately shoulder this penalty; they are understandably 
reluctant to underwrite new investments in nuclear power. 


The cost of nuclear-electricity is a subject of debate in the United States. Earlier 
nuclear stations have a clear cost advantage over oil-fired plants. Science Concepts of 
Washington, in research funded by the U.S. Council for Energy Awareness, calculates 
that the life-cycle cost of nuclear-electricity averaged over all nuclear units completed 
through 1987 amounts to 4.7¢/kWh compared with oil-fired electricity at 8.2¢/kKWh (low 
oil price scenario), 9.7¢/kWh (base case for future oil prices), or 11.4¢/kKWh (high oil 
price scenario). If the subgroup of the most expensive nuclear stations — those 
completed from 1984 through 1987 — is considered, Science Concepts finds their 
life-cycle cost to be marginally below the low oil price scenario, at 7.6¢/kWh. Given the 
large "front loading" effect caused by absorbing the capital cost of a reactor into the 
rate base, the first-year cost of nuclear-electricity from the high-cost recent reactors is 
calculated to be 60% higher than the first-year cost of oil-fired electricity but to be 20% 
below the life-cycle cost of the oil-fired electricity in the U.S. Department of Energy 
(DOE) oil price base case. The life-cycle of a nuclear or oil-fired generating unit is 
taken to be 30 years. The oil price projections used were those of the DOE. The low 
price scenario has oil costing $US 27.83 per barrel in constant 1987 dollars in the year 
2000; the base case has oil costing $US 34.18 in 2000; and the high price scenario 
has oil at $US 43 at the end of the century. In the high price case, the cost of oil is 
projected to fall to $US 30 (in constant 1987 dollars) in 2010, as substitutes for oil 
reduce demand. (Lennox and Mills, 1988a) 


DOE's Energy Information Administration (EIA) has released a study of nuclear 
power plant operating costs in the United States. Its findings are not comforting for the 
U.S. nuclear industry. The question that the EIA attempted to answer was: What factors 
caused the escalation in nonfuel operating costs of power reactors over the period 
1975-1984? The analysis considered operating and maintenance (O&M) costs and the 
cost of post-operational capital additions. The study did noi identify all of the factors 
contributing to the escalation in the cost of nuclear-electricity nor did it disaggregate all 
of the costs, but did reach a number of conclusions. (United States, DOE, EIA, 1988) 
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The principal factors contributing to increased O&M costs were determined to 
be: (a) real effects of rising O&M wage rates, the price of O&M materials, lagged O&M 
costs and simple inflation; (b) increased regulatory requirements by the Nuclear 
Regulatory Commission (NRC); and (c) increases in the cost of replacement power. 
Increasing age and reactor operating experience reduced O&M costs, and O&M costs 
tended to fall as the price of reactor capital additions rose. Some states have 
introduced incentive rate-of-return programs (rewarding utilities with a higher rate of 
return if their nuclear plants perform well and penalizing them if the units do not) which 
were found to increase O&M costs. The rising costs of post-operational capital 
additions were primarily a function of: (a) increased regulatory requirements by the 
NRC; (b) unexplained costs; (c) increasing age; and (d) the replacement of steam 
generators and pipe cracking repairs. Past maintenance practices, as measured by 
average real O&M costs in previous years, reduce capital additions costs as 
maintenance expenditures rise. The effect of state regulatory factors on capital 
additions costs could not be determined. (United States, DOE, EIA, 1988) 


Plant aging has a dual effect: operating experience tends to reduce costs while 
plant deterioration tends to increase costs. For O&M costs, the learning effect was 
found to outweigh the aging effect. For post-operational costs of capital additions, 
however, the aging effect outweighs the learning effect. Since the study was restricted 
to nuclear reactors of 400 MW capacity or greater, the average plant age was only 
eight years; DOE cautions against drawing firm conclusions about the future trend in 
O&M costs as a function of plant aging based on this limited experience. (United 
States, DOE, EIA, 1988) 


Figure 11 displays the escalation in annual, real, nonfuel operating costs of 
U.S. power reactors over the 11-year period 1974-1984. Costs are subdivided into 
post-operational capital expenditures and operating and maintenance expenditures, 
and are expressed in constant 1982 dollars. 


The EIA estimates that routine operating and maintenance expenses, 
measured in 1982 dollars, rose from $US 17 per kilowatt of installed electrical 
generating capacity in 1974 to $US 53 per kilowatt in 1984. This translates into an 
average annual increase of 12%. Post-operational capital investments rose from $US 
9 per kilowatt of capacity to $US 42, an average annual increase of 17%. In contrast, 
the EIA reports that the real O&M costs at coal-fired plants increased at a rate of only 
2% annually over the same period. This led the EIA to draw two conclusions. 


...First, the continued escalation in operating costs may reduce or possibly even negate 
any cost advantage that nuclear power might have. Many analysts believe that the 
nuclear power plants that entered commercial operation in the 1960's and 1970's were 
economical relative to coal-fired power plants. This may not be the case if operating 
costs continue to escalate. Second, many proponents of nuclear power are currently 
assuming an expected licensed operating lifetime of nuclear power plants of more than 
40 years. If operating costs continue to escalate, at some point in time it may be 
economical to shut down older plants, and thus the assumption of a 40-year operating 
life may be optimistic... (United States, DOE, EIA, 1988, p. 1) 
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Figure 11: Escalation in Annual, Real, Nonfuel Operating Costs for U.S. Reactors of 
400 MW Capacity or Greater, 1974-1984 
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Source: United States, DOE, EIA, Office of Coal, Nuclear, Electric and Alternate Fuels, An Analysis of 
Nuclear Power Plant Operating Costs, DOE/EIA—0511, Washington, D.C., 16 March 1988, p. viii. 


102 


The Nuclear Regulatory Commission regulates the civilian use of nuclear 
materials in the United States. Created by the Energy Reorganization Act of 1974, the 
NRC took over the regulatory functions of the former Atomic Energy Commission. The 
Energy Research and Development Administration (which was in turn to become part 
of the Department of Energy) assumed the other functions of the AEC. The NRC is 
headed by five Commissioners, who are appointed by the President for five-year terms, 
subject to Senate confirmation. With its 3,300 employeees and a budget that averages 
about $US 400 million annually, the NRC has 12.5 times the staff and more than 19 
times the budget of its Canadian counterpart, the Atomic Energy Control Board. The 
U.S. civilian nuclear program is about eight times the generating capacity of the 
Canadian program. A more interesting comparison may be that the AECB has two 
lawyers on staff whereas the NRC has approximately 200. 


The NRC has three basic functions, in addition to licensing the export and 
import of nuclear materials and equipment (United States, NRC, undated): 


(1) The Commission licenses the construction and operation of nuclear power plants 
and other nuclear facilities. It licenses the possession and use of nuclear materials 
for medical, industrial, educational and research purposes. Regulatory authority 
for the licensing of nuclear materals has, however, been transferred to 29 states 
under the NRC's Agreement States Program. 


(2) The Commission conducts inspections and investigations to ensure that licensed 
activities are conducted in compliance with regulations, and enforces compliance 
as required. 


(3) The Commission is mandated by law to conduct an extensive regulatory research 
program in the areas of nuclear safety, safeguards and environmental 
assessment. Since the Three Mile Island accident, expenditures on regulatory 
research have averaged more than $US 100 million per year. 


Three operating offices conduct the NRC's business. The Office of Nuclear 
Reactor Regulation evaluates applications to build and operate power reactors; 
inspects and licenses the construction and operation of power reactors; inspects and 
licenses the construction and operation of research and test reactors; and licenses 
reactor operators. 


The Office of Nuclear Material Safety and Safeguards is responsible for 
licensing nuclear fuel cycle facilities; for licensing the possession and use of 
radioactive materials; for regulating the packaging of radioactive materials for 
transport; for developing policies to safeguard nuclear facilities and materials from 
theft, sabotage or diversion; and for reviewing the application of IAEA safeguards on 
U.S.-sourced nuclear materials used in foreign countries. This Office also directs the 
implementation of the Commission's responsibilities under the Nuclear Waste Policy 
Act of 1982; the Low-Level Radioactive Waste Policy Act of 1980 and the Low-Level 
Radioactive Waste Policy Amendments Act of 1985, which govern the disposal of 
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low-level wastes; and the Uranium Mill Tailings Radiation Control Act of 1978. 


The Office of Nuclear Regulatory Research plans and implements programs of 
nuclear regulatory research; develops standards and resolves safety issues at 
regulated facilities; develops and promulgates technical regulations; and coordinates 
research activities inside and outside the Commission. (United States, NRC, 1987b) 


When asked by the Committee why the NRC had developed such a highly 
prescriptive system of power reactor regulation, the Commission's Director, Harold 
Denton, observed that the 109 operable American power reactors represented at least 
60 distinctly different design configurations. Standardization has not been been a goal 
of commercial reactor development in the United States. 


Public liability is provided under the Price-Anderson Act, which established a 
system of private funds and government indemnity to pay public liability claims for 
personal injury and property damage arising from a nuclear accident. Any commercial 
nuclear power plant with a rated capacity of 100 MWe or more must carry liability 
coverage. A limited federal liability covers DOE (mostly defence-related) activities. The 
Act was passed in 1957 and has been twice extended for 10-year periods. The last 
extension carried forward to 31 July 1987 and Congress was considering the next 
extension at the time of the Committee's Washington visit. 


Price-Anderson provides for two tiers of coverage. The first SUS 160 million is 
made available from two private nuclear-liability insurance pools, American Nuclear 
Insurers and Mutual Atomic Energy Liability Underwriters. In the event of an accident 
causing damages exceeding $US 160 million, "each commercial nuclear power plant 
licensee would be assessed a prorated share of damages in excess of the primary 
insurance layer up to $5 million per reactor per year per incident but not in excess of 
$10 million for each reactor in any year" (United States, NRC, 1983, p. 1). Thus, under 
the last extension of Price-Anderson, the maximum liability per accident was 
approximately $US 700 million. Under the proposed amendments to Price-Anderson 
considered by Congress, it was generally agreed that the liability coverage should be 
raised to about $US 7 billion. In the House of Representatives version of Price- 
Anderson renewal, each power reactor licensee would become liable for damages up 
to $US 63 million per reactor per accident, to be paid into a claims fund at the rate of 
$US 10 million per year. The first tier of insurance would remain at $US 160 million. In 
the Senate version, each reactor would be assessed up to $US 12 million per year for 
a maximum of five years, giving a maximum coverage of approximately $US 6.6 billion 
with the current number of licensed reactors. Both bills provide for an inflation 
adjustment. Neither bill would extend liability to reactor manufacturers or other nuclear 
suppliers, even if the supplier is guilty of negligence or intentional violation of federal 
safety regulations. Part of the debate centred on whether the Price-Anderson Act 
should be renewed for 10 years (House version) or for 20 years (Senate version). 
(Price-Anderson Campaign, "Floor Vote Briefing Packet") 


In August 1988, the House and Senate reached a compromise on Price- 
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Anderson renewal. The Act was extended for 15 years to 1 August 2002. The ceiling 
on liability was raised to approximately $US 7 billion and now applies both to NRC 
reactor licensees and to the facilities of DOE contractors. In the case of NRC licensees, 
damages would be paid from the insurance pool described above. In the case of an 
accident occurring at the nuclear facility of a DOE contractor, the federal government 
would pay the damages. If damages from a nuclear accident are expected to exceed 
$US 7 billion, the President must submit to Congress a compensation plan that 
includes an estimate of damages and recommendations for sources of funding to pay 
for damages exceeding the liability limit. In a new departure, the Act allows the 
Secretary of Energy to impose fines of up to $US 100,000 per day on contractors who 
violate DOE safety regulations. Contractors’ employees become subject to criminal 
penalties for willful violation of safety rules. These civil penalties do not apply to DOE 
nuclear research laboratories (Such as Los Alamos, Lawrence Livermore, Sandia and 
Brookhaven). 


Critics of Price-Anderson note that the NRC proposed to Congress in 1983 that 
utility liability be unlimited, with a reactor licensee responsible for annual assessments 
of $US 10 million per year per reactor until all public damages arising from an accident 
are settled. Figure 11 indicates that non-fuel operating costs had already risen to $US 
95 per kilowatt of installed capacity (measured in constant 1982 dollars) by 1984; a 
surcharge of $US 10 million per reactor per year in 1988 dollars added to today's 
operating costs would not represent a large increment in those costs and could be 
accommodated in the rate base if passed through to consumers. Critics also want 
nuclear suppliers and contractors subject to some degree of liability. A utility can sue a 
supplier for damages — as GPU Nuclear Corp. (a consortium of Metropolitan Edison, 
Jersey Central Power & Light and Pennsylvania Electric) did to reactor manufacturer 
Babcock & Wilcox for on-site damages at Three Mile Island — but the supplier need not 
purchase liability insurance nor compensate members of the public for damages. 


Some U.S. utilities have failed to bring an acceptable degree of commitment to 
nuclear plant operation. In the aftermath of the Three Mile Island accident, the U.S. 
nuclear industry created its own Institute of Nuclear Power Operations (INPO), to 
monitor the operation of utility nuclear stations. Some of INPO's findings are very 
disturbing. For example, at the Peach Bottom nuclear power station in Pennsylvania, 
INPO reports that reactor operators were sleeping, playing video games and otherwise 
being inattentive while on duty in the control room. On March 31, 1987, Peach Bottom 
was ordered shut down by the Nuclear Regulatory Commission as a result of reports of 
operators sleeping on shift. In correspondence with utility management, INPO used the 
following language to describe its dissatisfaction with the situation: 


... he grossly unprofessional behavior by a wide range of shift personnel, involving all 
shifts, and condoned by the shift superintendents reflects a major breakdown in the 
management of a nuclear facility. It is an embarrassment to the industry and to the nation. 


Other utilities, like Duke Power headquartered in North Carolina, have brought 
extensive resources to the nuclear endeavour and are running successful programs. 
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Even so, American utilities have not generally attained the lifetime load factors that 
many European and Japanese utilities - and Ontario Hydro — have achieved. 


The U.S. nuclear industry is at a watershed. Without rejuvenation, the industry 
may languish for the foreseeable future. 


3. Radioactive Waste Management 


The U.S. nuclear fuel cycle is presented in Figure 12. Solid arrows indicate the 
fuel cycle as it operates today, without commercial reprocessing and without a disposal 
facility in place. Broken arrows show how the cycle would be closed if the United 
States moved to spent fuel reprocessing and waste disposal. 


The NRC classifies radioactive materials resulting from the nuclear fuel cycle 
into two categories. Effluents are those materials discharged to the environment as 
gases or liquids. The active content of these effluents must fall within NRC and 
Environmental Protection Agency limits, and be as low as reasonably achievable. 
Wastes are those materials with sufficient radiological hazard to require special care. 
Wastes are in turn subdivided by the NRC into "high-level wastes" and "other than 
high-level wastes". High-level wastes include irradiated fuel and/or reprocessing 
wastes. Since no commercial reprocessing is being carried on in the United States 
today, almost all of the high-level waste from the nuclear power program is contained 
in spent fuel. Low-level wastes have commonly been buried in near-surface trenches 
in their shipping containers, with no intent to recover these wastes. There were 
formerly six commercial burial grounds in the United States but at least some of these 
have stopped accepting wastes. (United States, NRC, 1983) 


The Nuclear Waste Policy Act (NWPA) of 1982 established a national policy for 
the disposal of high-level radioactive wastes. Under the Act, DOE is made responsible 
for the safe, permanent disposal of such nuclear waste materials. 


The NWPA requires DOE to site, license, construct, and operate a geologic 
repository; to site a second geologic repository; and to begin accepting waste for 
disposal by January 31, 1998. The NWPA also requires DOE to complete a detailed 
study of the need for and feasibility of monitored retrievable storage (MRS) and submit a 
proposal to Congress for the construction of one or more MRS facilities. In addition, the 
NWPA established a schedule and a step-by-step process for developing the disposal 
system. The President, Congress, affected States and Indian Tribes, DOE, and other 
Federal agencies are to cooperate in the development of the system. This law has 
provided a mandate and a process for the identification and selection of sites for 
repositories and the development of an overall waste management system. (United 
States, DOE, Office of Civilian Radioactive Waste Management, 1987a, p. 6) 


The Act established the Office of Civilian Radioactive Waste Management 
within DOE and made it responsible for implementing the Act, executing its policy and 
managing the national program. 
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Figure 12: The U.S. Nuclear Fuel Cycle 
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Two federal agencies are assigned the task of developing regulatory 
requirements for the disposal of high-level radioactive wastes. The Nuclear Regulatory 
Commission is the primary regulatory agency for repository siting, construction, 
Operation and decommissioning. NRC will license the repository and define its 
technical criteria. The Environmental Protection Agency, EPA, is responsible for 
developing standards for repositories to protect the health and safety of the public. 


NWPA requires that the users of nuclear-electricity pay for the cost of disposing 
of spent nuclear fuel. The federal government collects a fee of 1 mill per kilowatt-hour 
(0.1¢/kWh) from utilities operating nuclear power plants. This money accumulates in 
the Nuclear Waste Fund and is used to pay for all elements of the waste disposal 
program: the repository, any MRS facility constructed, waste transportation and federal 
support for state and Indian tribe participation. The status of the fund is reviewed 
annually to ensure that sufficient money is accumulating to cover the full cost of the 
disposal system. As of 31 January 1988, the fund had a balance of $US 1,967.6 
million. The federal government will pay for defence wastes which are placed in the 
repository. 


NWPA required DOE to build and operate one repository and to conduct siting 
activities for a second repository. Until recently, site studies for the first repository were 
being conducted in three different rock types; salt domes and bedded salt deposits in 
Deaf Smith County in Texas, basalt at the Hanford site in Washington State, and 
volcanic tuff (solidified volcanic ash) at Yucca Mountain in Nevada. In recent 
amendments made by Congress to the NWPA, the siting process was restricted to the 
Yucca Mountain site, over the objections of Nevada representatives, subject to site 
confirmation studies. The NWPA amendments direct that site-specific activities at the 
Hanford and Deaf Smith sites be phased out within 90 days, except for reclamation 
work. The requirement in the NWPA to locate a second geologic repository was 
repealed and replaced by the requirement that DOE report to the President and 
Congress between 2007 and 2010 on the need for a second repository. Authorization 
to site, construct and operate one monitored retrievable storage, MRS, facility was 
given in the amendments. At the same time, the amendments annulled the Secretary of 
Energy's proposal to locate an MRS on the former Clinch River reactor site at Oak 
Ridge, Tennessee. The amendments direct that in siting an MRS, "the Secretary shall 
make no presumption or preference to such sites by reason of their previous selection." 


The current schedule for developing the first geological repository has the 
following objectives (Kay, 1988, p. 8). 
¢ Start of exploratory shaft construction 2nd quarter 1989 
¢ Start of in situ testing 4th quarter 1990 


¢ Submission of site selection report and environmental 
impact statement to the President 1994 


¢ Submission of licence application to the NRC 1995 
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¢ Receipt of construction authorization from the NRC 1998 
¢ Start of construction 1998 
¢ Start of phase 1 operations 2003 
¢ Start of phase 2 operations 2006 


In licensing the repository, the NRC divides the approval process into four 
steps. These are site characterization, construction authorization, repository licensing. 
and repository decommissioning. Reports must be submitted to the NRC and to the 
appropriate federal and state agencies at each stage; these documents are subject to 
public review. The site must meet a 10,000-year waste isolation requirement 
established by the EPA. Yucca Mountain is located in an arid region of the 
southwestern United States. The repository would be constructed above the water 
table in a rock zone experiencing a very slow downward flow of groundwater, as 
shown schematically in Figure 13. 


Yucca Mountain lies in southern Nevada on the western boundary of the 
Nevada Test Site, about 100 miles from Las Vegas. The site straddles the junction of 
three blocks of federal land. Most of the repository and its associated surface facilities 
would lie within the Nellis Air Force Range, with smaller portions of the site lying within 
the Nevada Test Site and on land managed by the Bureau of Land Management. 


The host rock for the repository would be a welded tuff, the solidified remains of 
a hot volcanic ash flow that occurred during a period of volcanism lasting from about 
16 to 8 million years ago. The resulting sequence of volcanic rocks is about 6,500 feet 
thick at the site. The principal design criteria for a mined geologic repository are given 
in the following list (Personal communication: Jerome Saltzman, Office of Civilian 
Radioactive Waste Management, DOE, Washington, D.C., 1 May 1988). 


Major Parameters Requirement/Criterion 
Waste types accepted Spent fuel, vitrified reprocessing wastes 
and defence high-level wastes 
Capacity 70,000 tonnes of waste 
Receiving rate Phase 1 (2003): 400 tonnes/year 
Phase 2 (2008): 3,000 tonnes/year 
Isolation of radioactivity 10,000 years 
Waste package containment Substantially complete for 300-1,000 years 
Groundwater travel time 1,000 years to the accessible environment 
Radionuclide release rate 1 part in 100,000 per year 


(after 1,000 years) 
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Figure 13: Schematic Cross Section through the Proposed Yucca Mountain Site 
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Source: United States, DOE, Office of Civilian Radioactive Waste Management, Site Characterization Plan 
— Overview: Yucca Mountain Site, Nevada Research and Development Area, Nevada. 
Consultation Draft, DOE/RW-0161, Washington, D.C., January 1988, p. 41. 


Waste emplacement at Yucca Mountain is scheduled to last for 26 years, at 
which time the repository is projected to be filled. Following emplacement, a 
"caretaker" period of 24 years begins. Over this 50-year span of time, during which 
various tests will be conducted to make sure the repository is functioning as expected, 
the waste will be retrievable. At the end of the caretaker period, the repository will be 
permanently sealed. The surface facilities will be decontaminated and 
decommissioned, and the site returned to its natural state to the extent practicable. Site 
markers will be erected to warn future generations of the presence of a repository. 
(United States, DOE, Office of Civilian Radioactive Waste Management, 1988, p. 33) 


If the site characterization studies reveal that Yucca Mountain is unsuitable for 
locating a high-level waste repository, the exploratory facilities will be decommissioned 
and a new site determined. 
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Radioactive Waste Management in Canada 


A. The Nuclear Fuel Cycle in Canada 


Radioactive waste materials are created at each step in the nuclear fuel cycle, 
from the mining of uranium to the discharge of irradiated nuclear fuel from a reactor 
(followed by fue! reprocessing in some countries but not in Canada). This cycle may be 
subdivided into three segments for closer examination. 


(1) The first stage is mining and milling of uranium ore, followed by uranium refining 
and fabrication into fuel elements. This sequence is often referred to as the front 
end of the fuel cycle. 


(2) The second stage is the operation of nuclear reactors for the production of 
electricity, accompanied by low-level releases of radioactivity in plant effluents 
during normal reactor operation. 


(3) The third stage concerns the management of spent fuel and reactor wastes. This 
stage includes the interim storage and final disposal of radioactive wastes, and is 
often referred to as the back end of the nuclear fuel cycle. If the fuel cycle is closed 
and the spent fuel reprocessed, it includes the reprocessing of spent fuel and the 
disposal of reprocessing wastes. If the fuel cycle is open or a once-through use of 
the fuel, it ends with the disposal of the spent fuel. 


Figure 14 displays the nuclear fuel cycle in Canada, indicating the stages at 
which waste materials are created. The Canadian fuel cycle has two branches. In one 
branch, natural uranium is fabricated into uranium oxide fuel for use in CANDU 
reactors. In the other branch, the uranium is converted into the gas uranium 

_ hexafluoride and exported to customers who require enriched fuel to operate light 
water reactors. 


Uranium is one of the more common heavy elements in the Earth's crust. It is 
naturally radioactive; uranium and its decay products are found in rock, soil, surface 
and underground waters, and the oceans. Radioactive radon gas, one of the decay or 
"daughter" products of uranium, is a well-recognized hazard in uranium mining and 
has more recently been recognized as a potential hazard in some Canadian homes. 
Concentrations of uranium worth mining are known as "ore bodies". When uranium is 
mined, substantial quantities of waste rock are excavated along with the uranium ore. 
The waste rock contains some radioactive material but is too low in uranium content to 
warrant processing. Mine wastes are stored at the surface in the vicinity of the mine, 
and the common practice is to cover the waste rock with earth and vegetation. (Lyon 
and Tutiah, 1984) 
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Figure 14: The Nuclear Fuel Cycle in Canada and Its Associated Wastes 
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The uranium ore is transported to a mill, usually located near the mine, where 
the uranium is separated from the remaining waste rock. The ore is crushed and 
ground into a fine sand to which chemicals are added to dissolve the uranium. The 
liquid with its dissolved uranium is then chemically treated to extract the uranium; the 
resulting concentrate is filtered and dried in a form known as "yellowcake". Milling 
wastes, or mill "tailings", include the finely ground waste rock and radioactive materials 
other than uranium. These wastes are discharged from the mill as a slurry and typically 
stored in tailings ponds. (Lyon and Tutiah, 1984) Mill tailings from some Saskatchewan 
mines are more radioactive, however, and are stored in concrete bunkers. 


Proper management of mill tailings is important. The tailings not only contain 
radioactive materials arising from the uranium decay chain but also toxic elements 
such as arsenic and selenium which are present in the ore body. Tailings ponds 
should be engineered to prevent contaminated liquids from entering the groundwater 
system and surface waterways, and the amount of radon gas escaping to the 
atmosphere should be controlled. Unfortunately, uranium mine and mill tailings have 
not always been well managed in Canada. 


Table 13 lists uranium mine/mill facilities licensed by the AECB as of 31 March 
1988. All uranium mining and milling in Canada at the present time is carried out in 
Ontario and Saskatchewan. Table 13 does not include licences which the AECB has 
issued for "ore removal" or "underground exploration", where companies are extracting 
limited quantities of uranium ore for testing, assay or other noncommercial purposes. 


Yellowcake is transported from the various mills to Canada's one uranium 
refinery, operated by Eldorado Resources Ltd. at Blind River, Ontario. This refinery has 
the capacity to produce 18,000 tonnes of uranium annually in the form of uranium 
trioxide (UO3). Refinery waste is called raffinate and contains unwanted radioactive 


materials together with some useful uranium. The raffinate is recycled through one of 
two uranium mills at Elliot Lake (see Table 13) to extract more of the uranium. The 
remaining constituents of the raffinate are disposed of as part of the mill tailings. (Lyon 
and Tutiah, 1984; Canada, AECB, 1988) 


The uranium trioxide produced at Blind River takes one of two conversion 
routes, depending on whether the uranium is destined to become CANDU fuel or 
whether it will be sold abroad for enrichment and use in light water reactors. Both 
conversion steps are carried out by Eldorado Resources at conversion plants located 
in Port Hope, Ontario. Most of the uranium produced in Canada is destined for export. 
This uranium is converted into uranium hexafluoride (UF,) as a preparatory step to 


enrichment and is exported in this form. Calcium fluoride is the principal waste from 
this conversion process. At the present time, there is no use for the calcium fluoride 
and it is buried at a waste management site, but its potential as a fluxing agent in steel 
production is being studied. No other waste materials accrue to Canada from this 
branch of the nuclear fuel cycle since the enrichment plants are located in foreign 
— countries. (Lyon and Tutiah, 1984) 
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Table 13: Canadian Uranium Mine/Mill Facilities Licensed by the AECB 


Facility and Location Licensee Capacity 


Cluff Lake, Phase II, Saskatchewan Amok Ltd. 1,000 tonnes/year of uranium 


Collins Bay B-Zone, Eldor Mines, 
Saskatchewan Eldorado Resources Ltd. 3,200 tonnes/year of uranium 


Denison Mines, Elliot Lake, Ontario Denison Mines Ltd. 19,900 tonnes/day of mill feed 
4,000 tonnes/year of acid raffinate 
900 tonnes/year of limed raffinate 


Key Lake, Saskatchewan Key Lake Mining Corp. 5,700 tonnes/year of uranium 
Panel Mine, Elliot Lake, Ontario Rio Algom Ltd. 3,000 tonnes/day of mill feed 
Quirke Mine, Elliot Lake, Ontario Rio Algom Ltd. 6,350 tonnes/day of mill feed 

5,000 tonnes/year of acid raffinate 
Stanleigh Mine, Elliot Lake, Ontario Rio Algom Ltd. 6,000 tonnes/day of mill feed 
Stanrock Mine, Elliot Lake, Ontario Denison Mines Ltd. 3,800 tonnes/day of ore 


Source: Canada, AECB, Annual Report 1987-88, Ottawa, 1988, p. 18. 


Uranium for use in CANDU reactors, about 20% of our uranium production, is 
converted into uranium dioxide (UO.), a process which produces ammonium nitrate as 


waste. The ammonium nitrate has very low levels of radioactivity and is marketed as a 
commercial liquid fertilizer to local farmers. (Lyon and Tutiah, 1984) 


Eldorado Resources also has the capability at its Port Hope operations to 
produce depleted uranium metal and alloys, and ammonium di-uranate. 


The uranium dioxide to be used in CANDU reactors is sintered into pellets and 
then fabricated into fuel bundles. Negligible amounts of waste are created in the fuel | 
fabrication step. The companies licensed by the AECB as of 31 March 1988 for fuel 
fabrication in Canada, the location of their facilities, and their fuel fabrication capacities 
are (Canada, AECB, 1988, p. 20): | 


¢ Canadian General Electric Canada Inc.: 
Toronto, Ontario— 1,050 tonnes/year of uranium as fuel pellets 
Peterborough, Ontario— 1,000 tonnes/year of uranium as fuel bundles 


SS) 


¢ Zircatec Precision Industries Inc.: 
Port Hope, Ontario— 900 tonnes/year of uranium as fuel pellets and bundles 


« Earth Sciences Extraction Co.: 
Calgary, Alberta— 70 tonnes/year as uranium oxide compounds 


Reactor operation results in the release of small quantities of radioactivity to the 
environment in liquid and airborne effluents. These releases are monitored and 
controlled in accordance with AECB regulations. In normal reactor operation, these 
releases are a very small fraction of the natural radiation to which all Canadians are 
exposed. 


Reactor operation and maintenance also create other types of radioactive 
wastes. More than 99% of all the radioactivity associated with the back end of the 
nuclear fuel cycle is contained in the irradiated fuel discharged from Canada's power 
reactors. These intensely active spent fuel bundles contain an array of newly-created 
radionuclides. Their safe management is an essential component of the nuclear power 
program in Canada. 


Table 14, provided by AECL's Whiteshell Nuclear Research Establishment, 
summarizes the generation of waste materials from the full CANDU fuel cycle. Waste 
quantities are those associated with the production and use of one CANDU fuel 
bundle, with an assumed fuel burnup of 7,500 megawatt-days per tonne of uranium. 
Radioactivity levels for irradiated fuel are specified one year after discharge from the 
reactor. At the mining and milling stages, values are given both for Ontario uranium ore 
and the richer Saskatchewan ore. The volume of waste generated is greatest in 
uranium mining and milling. Waste management practices at this stage have 
depended on the level of radioactivity per unit of waste volume. Mill tailings from 
Ontario mines are stored in the open, whereas those from some Saskatchewan 
operations are stored in concrete bunkers. 


Low-level radioactive wastes from the nuclear power stations are placed in 
earth trenches, tile holes or concrete bunkers. By far the greatest amount of the 
radioactivity is contained in the irradiated fuel. Spent fuel is stored either in water-filled 
concrete-lined pools or in air-cooled, dry concrete canisters. The concrete canisters 

are used to store spent fuel from the decommissioning Douglas Point, Gentilly 1 and 
NPD reactors. Canada has not yet determined the means of finally disposing of 
high-level wastes but is concentrating its research program on deep burial in a stable 
rock formation. The philosophy here is to isolate high-level wastes until their 
radiological hazard has declined to an acceptable level and to manage this in sucha 
fashion that future generations are not burdened with waste management or 
- Surveillance. 


An additional aspect of the waste management issue is the decommissioning of 
_ nuclear reactors and other nuclear facilities. 
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Table 14: Wastes Produced in the CANDU Fuel Cycle per Fuel Bundle 
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Source: Personal communication: Eva Rossinger, Whiteshell Nuclear Research Establishment, AECL, 


Pinawa, Manitoba, 4 July 1988. 
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B. High-Level Radioactive Waste Management 


The Committee concentrated on the back end of the nuclear fuel cycle in its 
study of radioactive waste management. This examination extended to the countries 
visited by the Committee and most particularly to Sweden, where the waste 
management program has numerous parallels with the Canadian program. 


The management of radioactive wastes at the back end of the fuel cycle is 
essentially a question of managing spent nuclear fuel, in the absence of reprocessing. 
Comparatively minor amounts of radioactivity are generated in other ways and are 
referred to as reactor wastes. As examples, some of the deuterium in the heavy water 
absorbs neutrons and is converted to radioactive tritium; water filters screen out small 
quantities of radioactive corrosion products; and disposable clothing may carry tiny 
amounts of radioactivity. 


Irradiated fuel is highly radioactive and the spent fuel elements contain more 
than 100 radionuclides created during reactor operation. These fall within two groups. 
The first category includes the fission products, created when a heavy atom splits to 
form two lighter atoms. This fissioning does not always occur in the same manner and 
consequently an array of fission products is created within the fuel. Some of these new 
elements are stable; the remainder decay with their own characteristic half-lives, 
forming new radionuclides in some cases. The fission products are strong beta and 
gamma emitters and most have relatively short half-lives. 


The second group of radionuclides in the spent fuel includes the actinides. 
Actinides are a series of elements with atomic number equal to or greater than 89 and 
similar chemical properties. Uranium and plutonium are the best known members of 
this group. In a CANDU reactor, one neutron per fission is absorbed by uranium—235 
to perpetuate the chain reaction. The remaining 1.5 neutrons generated on average 
per fission are absorbed by other materials, principally uranium—238. The actinides 
form through a series of neutron absorption reactions and radioactive decays. They 
tend to be alpha emitters and many have long half-lives. 


Table 15 indicates the change in composition of a CANDU fuel bundle before 
and after irradiation in a reactor and allowing for a cooling period of six months. 
Quantities are expressed in grams and the constituents total 19 kilograms. The 
calculation assumes a fuel burnup of 6,500 gigajoules per kilogram of uranium. Table 
16 lists some of the important fission products in spent CANDU fuel. The more 
important actinides present in CANDU spent fuel are listed in Table 17. Both tables 
show activity levels at discharge, at one year, and at 10 years. Among the fission 
- products, technetium—99, iodine-129 and cesium-—-135 represent the greatest 
long-term hazard. Among the actinides, plutonium—239 and plutonium—240 are 
_ Particular long-term hazards. 


118 


Table 15: CANDU Fuel Bundle Composition Before and After Irradiation 


Constituent New Fuel Irradiated Fuel 
(grams) (grams) 
Actinides 
Uranium—238 18,865 NOw/25 
Uranium—235 134 44 
Other Uranium Isotopes 1 tS 
Plutonium - re 
Other Actinides - 1 
Fission Products 
lodine - 1 
Cesium - 11 
Technetium - 4 
Other Fission Products - 128 
Total Constituents 19,000 19,000 


Source: Personal communication: William T. Hancox, AECL, Research Company, Ottawa, 9 February 
1988. 


Most of the newly-created fission products are inactive. The discharged fuel 
consists of 98.85% uranium oxide by weight; the remaining 1.15% — essentially made 
up of fission products and various plutonium isotopes — consists of 0.65% inactive 
fission products, 0.11% active fission products and 0.38% plutonium. 


When irradiated fuel is first discharged from the reactor, the fission products 
dominate the radioactivity, as is apparent in comparing the activity levels in Tables 16 
and 17. With time, the activity of the spent fuel declines, dropping by about a factor of 
10 over the first decade as the short half-life radionuclides dwindle. At approximately 
200 years, the activity of the fission products drops below the activity of the actinides, 
which thereafter are the principal determinant of the level of radioactivity. Fission © 
product activity continues to fall sharply until, at 500 years, this activity has declined to 
roughly 1/100,000 of its initial level. Actinide activity drops slowly and, at 500 years, is 
down to about 1/15 of its initial level. Short-term storage under water at the reactor 
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sites allows the fission products to become less of a hazard, while the disposal of spent 
fuel is predicated on preventing the actinides from escaping from a repository. 


Table 16: Selected Fission Products in Irradiated CANDU Fuel 


Radionuclide 


Tritium (H-3) 
Krypton-—85 
Strontium—89 
Strontium-—90 
Yttrium-91 
Zirconium—95 
Niobium-—95 
Technetium—99 
Ruthenium—106 
lodine—129 
lodine-131 
Cesium-134 
Cesium-135 
Cesium-137 
Cerium—144 


_Promethium—147 


Half-Life 
(years) 


12.3 
10.7 
0.14 
29 
0.16 
0.18 
0.10 
2.1 x 10° 
1.0 
1.6 x 107 
0.02 
217 
2.3 x 106 
S0re 
0.78 
2.6 


Activity (curies/kilogram of uranium) 


at discharge 


0.17 
2.22 
443 
17.5 
578 
825 
802 
3.4x 103 
182 
7.9 x 10° 
525 
16.9 
45x10° 
Zoro 
424 
58.9 


at 1 year 


0.16 
2.19 
3.95 
16.0 
ue 
Wie: 
36.6 
3.4x 10°3 
101 
7.9 x 10°6 
es Oe 
1108 
3.8 x 10° 
24.8 
181 
50.7 


at 10 years 


0.10 

23 

9.8 x 10°20 
12.9 

1.1.x 10°16 

1.3x 10-14 

2.9x 10°14 

3.4 x 10°3 

0.21 

7.9 x 10° 

0 

0.55 

3.8 x 10°5 
20.2 

0.06 

4.7 


Significant 
Radiation 


beta 

beta, gamma 
beta, gamma 
beta 

beta, gamma 
beta, gamma 
beta, gamma 
beta, gamma 
beta 

beta, gamma 
beta, gamma 
beta, gamma 
beta 

beta, gamma 
beta, gamma 


beta, gamma 


Source: Boulton, J. (ed.), Management of Radioactive Fuel Wastes: The Canadian Disposal Program, 
AECL-6314, Whiteshell Nuclear Research Establishment, Research Company, AECL, Pinawa, 
Manitoba, October 1978, p. 19. 


Total heat output from a bundle of irradiated CANDU fuel is displayed with time 
after discharge from the reactor in the upper half of Figure 15, and the activity levels of 
the fission products and the actinides are plotted against time after discharge in the 

lower half of Figure 15. These values are characteristic of CANDU fuel which has 
undergone an average burnup of 7,500 megawatt-days/tonne of uranium. The time 
- scale is logarithmic and extends from one second to 10 million years. The vertical 
' scale representing heat output in the upper illustration and radioactivity in the lower 


_ One is also logarithmic and covers 11 orders of magnitude. 


Table 17: Selected Actinides in Irradiated CANDU Fuel 
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Half-Life Activity (curieskilogram of uranium) Significant 
Radionuclide (years) at discharge at 1 year at 10 years Radiation 
Neptunium—237 2.1 x 106 2.1x 10° 2.1x 10° 2.2x 10° alpha, gamma 
Plutonium-238 87.7 7.2x 102 8.3 x 10°3 8.0 x 102 alpha, gamma 
Plutonium-239- 2.4x 104 0.15 0.15 0.15 alpha, gamma 
Plutonium—240 6.8 x 103 0.24 0.24 0.24 alpha, gamma 
Plutonium—241« yrs haar 22.9 20 14.2 beta, gamma 
Americium-241 432 11.5 x 10°3 4.7x 10-2 0.3 alpha, gamma 
Americium-243 7.4x 103 5.3 x 104 5.3x 104 5.3x 104 alpha, gamma 
Curium—242 0.45 2.58 0.44 8.9 x 10°6 alpha, gamma 
Curium-244 18.1 1.6x 102 1.5x 10-2 1.1x 10-2 alpha, gamma 


¢ denotes a fissionable actinide. 


Source: Boulton, J. (ed.), Management of Radioactive Fuel Wastes: The Canadian Disposal Program, 
AECL-6314, Whiteshell Nuclear Research Establishment, Research Company, AECL, Pinawa, 
Manitoba, October 1978, p. 19. 


Figure 15 reveals that the heat output of an irradiated CANDU fuel bundle has 
dropped to less than one-thousandth of its initial value within approximately three 
years of discharge from the reactor. Radioactivity is down to 1/10,000 of its initial value 
after about 100 years. 


Table 18, supplied by AECL's Whiteshell Nuclear Research Establishment, 
provides data on the amount of irradiated fuel to be disposed of in Canada. The first — 
column in the table gives the quantity of spent fuel generated to year-end 1987, by 
utility, and projects to the year 2050 what that amount will grow to, based upon the 
Canadian power reactors now in operation and under construction. | 


Although 4.35 million spent fuel bundles may seem to be a large quantity, at 20 
kilograms of uranium oxide per bundle this amounts to 87,000 tonnes. For purposes of © 
comparison, the Syncrude plant in the Alberta oil sands, operating at full production, 
can mine and process over 100,000 tonnes of oil sand in one 8-hour shift. [At full 
output, Syncrude can handle 300,000 tonnes of oil sand and produce 175,000 barrels 
of bitumen in a 24-hour period.] Thus the quantity of spent fuel to be managed is 
substantial but in no sense is it an overwhelming amount. 
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Figure 15: Heat Output and Radioactivity Levels of Irradiated CANDU Fuel 
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Source: Boulton, J. (ed.), Management of Radioactive Fuel Wastes: The Canadian Disposal Program, 
AECL-6314, Whiteshell Nuclear Research Establishment, Research Company, AECL, Pinawa, 
Manitoba, October 1978, p. 20. 


22 


Table 18: The Accumulation of Irradiated Nuclear Fuel in Canada 
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Source: Personal communication: Eva Rossinger, Whiteshell Nuclear Research Establishment, AECL, | 
Pinawa, Manitoba, 4 July 1988. 
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Irradiated fuel is removed from the reactor core by remotely-controlled 
equipment and transferred to a water-filled pool for storage. Protection against 
radiation is provided by about four metres of water covering the fuel stacks and the 
thick concrete walls of the pool. This method, commonly termed "wet storage", has 
been used around the world for more than four decades and provides a safe means of 
retrievably storing the fuel as it cools and the level of radioactivity declines. The pools 
are expensive to construct, however, and require considerable maintenance and 
monitoring. AECL has pioneered a new approach called "dry storage" in which the 
spent fuel is transferred to silo-shaped reinforced-concrete canisters about 6 metres 
tall and 2.5 metres in diameter. Rows of canisters are constructed on a concrete pad 
and the canister is sealed after the spent fuel has been loaded into it. Heat is carried 
away from the canister by natural convective air cooling. The dry storage option offers 
considerable savings and the canister has a design life of at least 50 years. This 
makes dry storage an attractive option in a delayed decommissioning strategy. The 
concept was tested at WNRE and has since been employed to store spent fuel at the 
Gentilly-1 and Douglas Point sites, and at Chalk River. Eleven canisters were needed 
to store the spent fuel at Gentilly-1; the larger quantity of irradiated fuel from Douglas 
Point required construction of 47 somewhat larger canisters. 


The Canadian program for managing radioactive wastes is being carried out 
under a joint federal government-Ontario government agreement announced on June 
5, 1978. This agreement established four main areas of responsibility in the 
management of such wastes. The Ontario government, through its agency Ontario 
Hydro, assumed responsibility for the interim storage of radioactive waste and for 
developing the transportation system to ship these wastes. The federal government, 
through its agency AECL, assumed responsibility for developing the technology for 
immobilizing radioactive wastes, and for ultimately developing a suitable means of 
permanently disposing of them. 


The purpose of the disposal component of the joint program "...is to verify that 
permanent disposal in a deep underground repository in intrusive igneous rock is a 
safe, secure and desirable method of disposing of radioactive waste." The method of 
final disposal is being developed primarily by AECL, in consultation with other 
Organizations. This program is subdivided into four phases: concept verification; site 
selection and acquisition; disposal demonstration; and full-scale operation. 


Concept verification, which is currently underway, has as its objective to verify 
that the concept of deep geological burial will lead to a safe and environmentally 
acceptable solution. Under the direction of AECL, concept verification involves federal 
and provincial agencies, universities and private industrial organizations. 


Phase two consists of site selection and acquisition. On the basis of what is 
_ learned from the concept verification phase, a variety of possible sites will be selected 
_ for further testing, in consultation with the involved communities. The mechanism by 
_ which this will be achieved has yet to be put into place, but will presumably involve a 
_ lengthy public hearings process. A single site will ultimately be selected and acquired. 
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Phase three is a disposal demonstration at the selected site. It is intended that 
the underground disposal facility would be extensively tested over a period of years, 
both to verify the scientific assumptions developed during concept verification and to 
verify the suitability of the selected site. This phase would also include the construction 
of a pilot plant for immobilizing the wastes before being placed in the repository. 


The final phase is the full-scale or commercial operation of a disposal facility. 
This will only occur after the disposal technology has been established as suitable for 
that site. It seems likely that only one facility will be built to handle spent fuel from 
power reactors in Ontario, Quebec and New Brunswick. 


A tentative schedule was established for the disposal component of the 
program. The specific targets were (Boulton, 1978, p. 59 and 61) 


(a) to have verified the basic concepts of disposal of irradiated fuel or fuel wastes in 
deep hard rock, at least to the stage where there is general acceptance, by 1981; 


(b) to have recommended technically-suitable sites for selection by governments and 
to have constructed a demonstration disposal repository by 1985; 


(c) to have the demonstration completed to a stage where the construction of a 
full-scale repository could be considered by 2000. 


Figure 16 shows the schedule released in 1978 for the complete waste 
disposal demonstration program. At the time, this schedule was criticized as being 
unreasonably optimistic, particularly by the scientific community which understood the 
nature of the R&D required for the first phase, Known as concept verification. Time has 
shown the critics to be correct. 


The delays in the disposal program do not constitute a problem of public safety. 
Interim storage methods for spent fuel have proven to be quite satisfactory and could 
be used for an indefinite period of time. What does result from continuing delay is an 
erosion in public confidence in the waste management program, an increase in public 
confusion about the progress of the program, and an increase in the overall cost of 
R&D for the program. 


By far the largest burden of R&D in support of the program falls on AECL. 
Unlike the past, when AECL conducted research almost entirely within its own 
establishment, it has reached out in this case to a wider research community. A 
substantial number of private companies and universities are making major technical 
contributions to the program. 


Formerly each year, and now every six months, AECL issues a report on the 
progress of its waste management program; each year, an independent Technical 
Advisory Committee (TAC) publicly reports its views on the adequacy of the Canadian 
program. 


| 
| 
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Figure 16: 1978 Schedule for the Spent Fuel Disposal Program 
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Source: Boulton, J. (ed.), Management of Radioactive Fuel Wastes: The Canadian Disposal Program, 
AECL-6314, Whiteshell Nuclear Research Establishment, Research Company, Atomic Energy 
of Canada Limited, Pinawa, Manitoba, October 1978, p. 60. 


The Technical Advisory Committee is comprised of ten members, selected from 
a list of nominees submitted by the major scientific and engineering societies in 
Canada. Four features of its operation guarantee its autonomy. First, TAC membership 
is only open to persons nominated by Canada's learned societies. Second, TAC 
reports annually and on a public basis. Third, TAC members are assured full and free 
access to all aspects of the research program. Fourth, TAC has resources made 
available to it for obtaining further specialist advice through consultants, as and when it 
judges it necessary to do so. The Committee's Swedish hosts noted that TAC had 
been invited to comment on Sweden's radioactive waste management program and 
had done so to the benefit of that program. 
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The Atomic Energy Control Board plays a fundamental role in the process of 
developing appropriate waste management technology. When the concept verification 
phase is pronounced complete, AECB will state its views on the acceptibility of the 
concept. The Board has also decided that it will apply the same licensing procedure to 
a disposal facility as it does to any other nuclear facility. Thus there will be a 
requirement for public information before site selection; the proposed site must be 
approved by the AECB; and Board approval will be required for construction to begin, 
for radioactive materials to be emplaced in the facility, for full operation, and for the 
eventual monitoring and surveillance of the site. 


The AECB has issued a statement of regulatory policy regarding the disposal of 
long-term radioactive wastes (Canada, AECB, 1987a). The broad objectives of 
radioactive waste disposal are to (page 2): 


* minimize any burden placed on future generations, 
* protect the environment, and 
* protect human health, 

taking into account social and economic factors. 


In a June 1988 statement, the federal government announced an 
environmental review of long-term nuclear fuel waste management in Canada. The 
Minister of Environment will establish a Federal Environmental Assessment Review 
Panel to examine the social, economic and environmental implications of long-term 
radioactive waste management in public hearings. Concurrently, an independent 
group of experts will be created to conduct a detailed scientific and technical review of 
the Canadian disposal concept, reporting its findings to the Panel. Assuming that 
guidelines are available from the Panel in 1989, AECL expects to submit its Concept 
Assessment Documentation to the Panel and to the Atomic Energy Control Board in 
1991. Public hearings would then be convened by the Panel to review AECL's 
assessment. Site specific investigations would not begin until the assessment had 
successfully completed this government and public review process. 


As its report was being completed, the Committee was advised that the Swiss 
Government has officially recognized the feasibility in principle of safely disposing of 
radioactive wastes. Sweden and Switzerland are the only two nations operating power 
reactors to require a formal demonstration of safe disposal, and that requirement has 
now been acknowledged by government to have been met in both countries. Sweden 
and Switzerland intend to isolate their long-lived radioactive wastes in stable, deep 
geological formations, as does Canada. 
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The Economics of Nuclear Power 


As Western countries have gained experience in operating nuclear plants, 
there has been growing controversy about pursuing the nuclear option. While various 
interest groups have aired environmental and safety concerns, perhaps the most 
critical aspect of the nuclear debate lies in the realm of economics — for it is here that 
the promise of nuclear power has not entirely met with confirmation once time and 
operating experience provided fuller information. Competitive generating technologies 
have made relative gains in both performance and cost, notably in the United States. 


A. The Economics of Risk 


Much of the public debate on nuclear power involves engineering concerns 
and the probability or "risk" of a nuclear accident. This is not the definition of risk used 
when the financial aspect of nuclear power is discussed. Rather, economic risk 
primarily indicates the variability of intended returns on an investment. The question 
raised is: Are nuclear installations economically riskier than non-nuclear technologies 
for power generation? 


There is growing evidence, particularly in studies conducted in the United 
States, that risk factors are higher for nuclear generating facilities than for non-nuclear 
facilities, even though utilities with nuclear plants are not necessarily a poor investment 
when all opportunities in the capital market are considered. If investors perceive 
greater risk in nuclear than in non-nuclear generating technologies, then the cost of 
Capital — which is generally assumed to be uniform for purposes of generating cost- 
comparison studies — will be greater for nuclear projects, since rate of return on 
investment is a large component of the cost of capital. 


Several major American investment houses suggest that economic risk is 
indeed higher with nuclear plants. Merrill Lynch, after the Three Mile Island accident, 
determined that institutional investors consider a utility's use of nuclear power to be a 
risk factor. Other brokers, such as Salomon Brothers, advise clients to be wary of 
companies with nuclear facilities. 


Several years ago, the U.S. Federal Energy Regulatory Commission (FERC) 
allowed the Connecticut Yankee Atomic Energy Corporation a return on equity of 17%, 
which was at the time the highest rate of return ever granted to an American electric 
utility. In its ruling, FERC cited the risk associated with nuclear power in the aftermath of 
the Three Mile Island accident; investors perceive that they have little security if a utility 
company's sole asset is a nuclear reactor. (United States, DOE, EIA, 1984) 


Three events contributing to the existence of a risk premium for nuclear power 
are cited in a 1984 U.S. Department of Energy study, Investor Perceptions of Nuclear 


128 


Power. They are: (1) the March 1979 accident at Three Mile Island; (2) the subsequent 
realization that the the cleanup costs of an accident of the magnitude of Three Mile 
Island could be over $US 1 billion, which is not fully insurable and could therefore 
result in substantial losses; and (3) decisions by the Tennessee Valley Authority in 
1982 to cancel some of its nuclear plant construction projects and by the Nuclear 
Regulatory Commission to stop work on the Zimmer reactor while warning of the 
possible closing of the Indian Point 2 and 3 reactors. (United States, DOE, EIA, 1984) 


This study suggests that as a result of the Three Mile Island accident, the value 
of an investment in a nuclear utility would have dropped 10% relative to an investment 
in a non-nuclear utility. Such a decrease could be prompted by as little as a one or two 
percentage point premium in the the rate of return required by investors to actually 
purchase such securities. Investor concern was compounded because of two 
additional factors. Through the end of 1982, there had been over $US 15 billion in 
abandonment costs resulting from the cancellation of nuclear power plants; investors 
were estimated to have absorbed 30% of those costs. Secondly, U.S. nuclear power 
plants on average have operated at only a little more than 55% of their design capacity 
[the average, cumulative load factor for all U.S. reactors of 150 MWe and larger was 
56.6% at end-June 1987], whereas comparative cost studies had often assumed a 
load factor of 70%. Shareholders are also having to bear some of the costs arising 
from this lower-than-expected operating efficiency. (United States, DOE, EIA, 1984) 


What do these U.S. findings imply for investment in Canadian nuclear facilities? 
The structure of the Canadian electrical power industry differs from that of the United 
States in several respects. The fact that most Canadian electrical utilities are publicly 
owned means that their shares do not trade in the stock market. Unlike American 
utilities, most of which are privately owned and must attract equity investment, 
Canadian utilities rely on provincial governments for ultimate decisions on expansion 
strategy, and for equity capital. 


A major source of funds for Canadian utilities is indirect investment, where 
investors purchase long-term bonds issued by the provincial utilities. A high proportion 
of these bonds are floated abroad. The reliance on indirect investment accounts for the 
higher debt-to-equity ratios of Canadian utilities. 


To the extent that provincial governments guarantee loans taken out by their 
utilities, Canadian utilities are in a much stonger investment position than their 
American counterparts. The credit rating of a Canadian public utility is directly 
connected to the credit rating of its parent province. Another difference is that, as a 
proportion of company assets, Canadian utilities do not have as high a concentration 
in nuclear assets as do some American utilties, although Ontario Hydro's 38% of fixed 
assets in nuclear generating stations is a substantial value. 


Another major difference is the superior operating record of Canadian power 
reactors. To the end of June 1987, Canadian reactors had achieved an average, 
cumulative load factor of 78.7%, exceeded only by Switzerland (79.7%) and Finland 
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(79.3%) among those non-Communist countries operating four or more power 
reactors. Even considering the annual average load factor for the 12 months ending 
June 30, 1987 (to reflect the full impact of the shutdown of Pickering units 1 and 2 for 
retubing), the result was 71.4%. 


Nonetheless, when cost comparisons are made between nuclear and 
non-nuclear technologies, the cost of capital for nuclear facilities should be risk 
adjusted. With the strong evidence that such risk premiums are required by private 
investors, utility decisions in Canada should reflect real costs in the marketplace, even 
though they may not show themselves as explicity as in privately owned U.S. utilities. 


B. Nuclear versus Coal 


The primary choice for expanding electrical generating capacity in the Western 
industrialized world over the next several decades is between coal-fired and nuclear 
plants. Regional considerations may colour the issue, but the IAEA study of new 
additions to electrical generating capacity referred to earlier confirms this basic choice, 
at least in the near-term. 


Large hydro-electric stations are no longer an option in many countries 
because the most promising sites have already been dammed, or environmental 
considerations preclude development. A notable exception to this generalization is the 
James Bay II hydro-electric development in Quebec. 


Most countries are unwilling today to accept the price risk and the security of 
supply risk associated with using imported oil for new base load generating capacity. 
Some countries with reliable access to natural gas supplies are using gas for peaking 
generation and even for new base load capacity. In general, however, natural gas is 
neither as widely available nor as inexpensive as coal for use in power generation. 


This leaves coal or nuclear as the basic options open to many countries. 
Nuclear power is economically preferred for continuous base load electricity 
production, while coal firing is more readily adapted to interruptible or peaking 
purposes. Nonetheless, the French have demonstrated the use of power reactors in 
load following. 


The strong embrace given nuclear power by some nations is due to a lack of 
alternatives, in contrast to the Canadian situation where indigenous coal is plentiful, 
and where technologies to transport it and burn it more cleanly are becoming viable 
and competitive. According to officials with whom the Committee spoke in Sweden, 
West Germany and France, nuclear power is clearly the cheapest large-scale 
generating capacity now in use and (with the exception of Sweden) is considered a 
necessary element of any strategy to meet electricity demand into the next century. On 
more emotional issues, some nuclear programs abroad have run into trouble. 
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In Canada, the economic question of coal versus nuclear is very much a 
regional consideration. Nuclear power offers a long-run cost advantage in the Ontario 
Hydro and New Brunswick Electric Power Commission systems, according to the best 
calculations of those with the actual experience of running the nuclear installations. 
High marks can be given to the CANDU system for performance, reliability and safety — 
all of which are key factors in any investment decision. In other regions, however, coal 
is the obvious choice, especially where generating stations can be built adjacent to or 
near open-pit coal mines. As coal preparation, transportation and combustion 
technology improves and as electricity markets continue their adjustment, indigenous 
coal may become a viable option for central Canada. And Canada, unlike most other 
industrialized nations, still has a sizeable hydro-electric potential remaining in certain 
regions of the country, including the north. 


A commitment to nuclear power or coal-fired generation or hydro-electricity is 
not just a commitment to the flow of expenditures that will occur over the construction 
and operating life of the plant or station; it is effectively also a voluntary withdrawal from 
a different technology which may turn out to be preferable, as costs become known 
and as technology develops. 


C. Indicators of Nuclear Cost in Canada 


The economic track record of nuclear reactors in Canada in terms of a 
standardized unit energy cost has been good. AECL and Ontario Hydro have 
conducted studies comparing the cost experience of actual nuclear and coal 
installations in Ontario, showing that the nuclear plants are more economically efficient 
today than comparable thermal units. Through the 1990s and into the first 25 years of 
the next century, the gap is projected by Ontario Hydro to widen, positioning Ontario 
nuclear stations such as Pickering B and Bruce B at less than half of the cost per 
kilowatt-hour of comparable thermal stations equipped with wet scrubbers. 


Even so, the economic track record for Canadian nuclear development has 
been less auspicious than expected. Cost overruns of huge proportions have been 
characteristic of nuclear installations. Pickering B, estimated to cost $1,585 million, 
actually cost $3,862 million (five times more than Pickering A); Bruce B, estimated to 
cost $3,869 million, actually cost $6,036 million and came on line two years later than 
Originally targetted; Point Lepreau, estimated to cost $466 million, cost $1,448 million, 
and was four years late. Nonetheless, studies by AECL and Ontario Hydro indicate that 
Canadian nuclear reactors are more cost efficient than their coal-fired counterparts. 


Canadian utilities generally use two approaches to express generating costs. 
The annual cost approach evaluates actual generating costs at existing or future 
stations, using current dollars together with assumptions on future inflation and interest 
rates. The result is a projection of annual generating costs varying over the life of a 
station. This approach is referred to as the Total Unit Energy Cost or TUEC. As applied 
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by Ontario Hydro, TUEC is defined as the total annual cost of producing energy 
(measured in current dollars) divided by the total annual energy produced (measured 
in megawatt-hours of electrical equivalent, including both electricity and the electrical 
equivalent of useful steam energy produced at Bruce A). 


The lifetime cost approach is typically used to compare different types of future 
stations. The result is an average annual cost expressed in constant dollars and 
referred to as the Levelized Unit Energy Cost or LUEC. The LUEC for a CANDU unit in 
the Ontario Hydro system in 1984 was calculated to be 21 mills/kWh compared to a 
LUEC of 33 mills/kWh for a coal-fired plant. (This could be interpreted as an "average" 
score of nuclear plants compared to thermal plants in Ontario.) The average lifetime 
energy cost is expressed in constant dollars per megawatt-hour in some reports. 


Cost estimates involving discount rates and cost of capital are subject to 
revision as economic conditions, and particularly interest rates, change. Labour costs 
escalated significantly in the late 1970s, and unforeseen delays and problems with 
faulty steam generators were among the unexpected events causing increased cost 
and delay in completing CANDU installations. 


As well, the cost-comparison figures being advanced are not in fact completely 
comparable. Inflation is not the only reason. A power plant coming on line at a later 
date than scheduled is not simply costing the sum of all installation expenditures. The 
cost of alternate power to cover the late commissioning must also be considered, as 
must the significance of a service life shifted several years into the future. Construction 
delays generate additional carrying costs that add to the final price tag. Finally, and in 
the limited Canadian experience, costs are so project-specific that a generic average 
cost for a standardized nuclear installation does not really exist. 


A characteristic of megaprojects in general, and of Canadian nuclear power 
plants in particular, is the impossibility of saying in advance with any confidence what 
these projects are likely to have cost by the time they become operational, let alone 
throughout their operating lifetime. If the favourable cost-efficiency reports of agencies 
such as AECL and Ontario Hydro are true, this must either indicate good fortune or that 
nuclear power is an economically superior product to the extent that billion-dollar 
Overruns don't offset a nuclear project's economic efficiency rating compared with 
competing generating technologies. 


The Total Unit Energy Cost (TUEC) of nuclear generation is compared to that of 
fossil-fuelled generation (comprising coal, oil and gas) in the Ontario Hydro system in 
Table 19, for the five-year period 1982-1986. The average cost calculated in Table 19 
includes operations, maintenance and administration; fuel; depreciation; and financing 
charges. It excludes costs related to transmission, distribution and corporate 
administration. Also excluded on the nuclear side are costs arising from reactor 
decommissioning and spent fuel disposal. 
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Table 19: Cost Performance of Ontario Hydro Nuclear and Fossil-fuelled Stations, 


1982-1986 
Average Cost (cents/kWh) % Cost Advantage 
Year Nuclear Fossil (Nuclear over Coal) 
1982 1.754 3.413 49 % 
1983 1.874 3.501 44% 
1984 2.197 3.445 36 % 
1985 2.794 4.043 31% 
1986 3.004 4.733 37% 


Note: Average cost per kilowatt-hour represents the costs attributable to generation but excludes costs 
related to transmission, distribution and corporate administrative activities. These values reflect the 
historical accounting costs of operating facilities and the actual energy generated by these facilities 
during the year. Fossil fuel costs include all use of coal, oil and natural gas. 


Source: Ontario Hydro, Inside Hydro, Corporate Relations Branch, Toronto, December 1987, p. 109. 


According to this information, nuclear generation retains a cost advantage over 
fossil fuel (largely coal-fired) generation. It is interesting to note, however, that 
nuclear’s cost advantage declined over the first four of the five years covered by Table 
19, recovering a little in 1986 as the remaining units under construction at Pickering B 
and Bruce B came into service. Over the full five-year period, the average cost of 
generating a kilowatt-hour of nuclear-electricity rose by 71.3% while the cost of 
fossil-fuelled generation rose by 38.7%. It seems reasonable then to question long- 
term predictions by Ontario Hydro of the growing cost advantage of nuclear over coal 
generation. Such a projection is displayed in Figure 17, which forecasts total unit 
energy costs in current dollars per megawatt-hour of electrical equivalent for the 
Nanticoke and Lambton coal-fired generating stations and the Pickering A and Bruce A 
nuclear generating stations to the year 2018. 


The projections in Figure 17 "exclude the probable retrofit of SO, scrubbers at 


coal-fired stations but include provisions for pressure tube replacement at nuclear 
stations" (Ontario Hydro, 1986a, page 23). At the time that this forecast was made, 
however, Hydro had not anticipated the early retubing of Pickering NGS A units 3 and 
4. The rise in the TUEC for Pickering A due to the retubing of units 1 and 2 is evident in 
Figure 17; it would be useful to see this projection recalculated to incorporate the early 
retubing of units 3 and 4. 
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Figure 17: Total Unit Energy Cost for Major Operating Nuclear and Thermal Stations in 
the Ontario Hydro System, 1970-2018 
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Source: Ontario Hydro, Economics of CANDU-PHW — 1985, NGD-10, Toronto, August 1986, page 24. 
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Provision for the future cost of decommissioning the nuclear stations and for 
the disposal of spent fuel are incorporated in the projections. Ontario Hydro introduced 
decommissioning and irradiated fuel transportation, storage and disposal charges into 
its nuclear cost accounting in 1982. Provision for future pressure tube removal costs 
was introduced in 1984. For the 1985 Pickering A data, the provision for future 
decommissioning was a unit energy cost of $0.64/MWhe and for future irradiated fuel 
transportation, storage and disposal was $0.73/MWhe. The unit energy cost for 
pressure tube replacement was $13.12/MWhe — because of this unforeseen 
occurrence, no provision had been made in advance for these costs which therefore 
had a very large effect on the TUEC. For the 1985 Bruce NGS A data, the provision for 
future decommisioning was a unit energy cost of $0.15/MWhe and for the future 
transportation, storage and disposal of spent fuel was $0.45/MWhe. The provision for 
future pressure tube replacement was $0.50/MWhe. (Ontario Hydro, 1986a) 


From these cost projections, Ontario Hydro concluded that (Ontario Hydro, 
1986a, page 23): 


¢ the nuclear cost advantage for Pickering NGS A is expected to return once the 
pressure tubes are replaced; 


¢ the base load advantage of CANDU—PHWAR is expected to continue; 
¢ the base load advantage of CANDU-—PHWAR is expected to increase; and 
¢ the "inflation-resistant" characteristic of CANDU—PHWR is indicated. 


Using more detailed information for 1985, the most recent year for which such 
data are generally available, an interesting economic comparison can be made. Table 
20 summarizes the cost advantage of nuclear generation over comparable coal 
stations on an individual station basis. Pickering NGS A, minus units 1 and 2 out of 
service for retubing, is compared with the Lambton Thermal Generating Station (TGS) 
(4 x 495 MWe units brought into service in 1969-1970). Bruce NGS A is compared with 
the Nanticoke TGS (8 x 497 MWe, 1973-1978). Pickering B and Bruce B are compared 
with a hypothetical coal-fired station of comparable capacity and vintage, assumed to 
be equipped with sulphur dioxide scrubbers (neither Lambton nor Nanticoke is 
currently equipped with scrubbers). 


If the calculation for Pickering A is made including the two shut-down reactors, 
then in 1985 the Lambton TGS had a 35% cost advantage over Pickering A. When 
Ontario Hydro plots the results (as in Figure 1 of Ontario Hydro, 1986a, p. 11, or in 
Figure 17 of this report), however, the Pickering TUEC is substantially lower than 
calculated on the basis of the 1985 data; Ontario Hydro adopted a new accounting 
policy in 1985 which adjusts the nuclear TUEC "to reflect application of the sinking 
fund for Fuel Channel Removal since the start of operation" (Ontario Hydro 1986a, p. 
10 and 12). This "smoothing" of the nuclear data tends to obscure the financial impact 
of the retubing. 
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Table 20: The 1985 Cost Advantage of Nuclear Generation over Coal-fired 
Generation at Ontario Hydro Stations 


Station % Cost Advantage (1985) 
Nuclear over Coal 


Pickering Avs. Lambton (a) 17% (1983: 29%) 
Pickering B vs. base load, coal-fired station (b) 21% 
Bruce A vs. Nanticoke 27% (1983: 40%) 
Bruce B vs. base load, coal-fired station (b) 21% 


(a) Does not include Pickering units 1 and 2 which were out of service for retubing. 
(b) Assumes comparable coal-fired stations are equipped with wet scrubbers. 


Source: Calculated from data in: Ontario Hydro, Economics of CANDU-PHW — 1985, NGD-10, Toronto, 
August 1986. 


Several comments are worth making about the information in Table 20. First, 
the cost advantage of Pickering A, the oldest multi-unit CANDU station, is less than that 
of the other nuclear stations. Since the retubing of units 1 and 2 is excluded from the 
comparison, this must be due to higher operating, maintenance and administrative 
costs for the older Pickering A station. More surprising is that the newer Pickering B 
and Bruce B stations have a lesser cost advantage than Bruce A, even though 
compared with coal-fired stations equipped with scrubbers. This reflects the relatively 
higher capital cost of the Pickering B and Bruce B stations, both of which have a 
specific cost — measured in current dollars per kilowatt of installed, net generating 
capacity — more than triple that of Bruce A (Ontario Hydro, 1986a, page 27). 


When the data are weighted using the net station electrical outputs for 1985, 
the nuclear TUEC is 3.223, or about 15% higher than the 1985 value in Table 19. This 
would reduce the cost advantage of nuclear over coal in 1985 to about 20%. The 
decrease in cost advantage of nuclear generation is due to the inclusion of spent fuel 
management, decommissioning and other nuclear-specific costs in the detailed 
comparison. 


The cost of nuclear regulation is not seen as a major issue in Canada. In a 
1985 report (Harvie, 1985), the AECB assessed the costs of nuclear regulation, 
drawing principally on the findings of a contracted study by SECOR Inc. (Canada, 
AECB, 1981) The SECOR study identified costs associated with radiation health, safety 
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and environmental measures in each part of the nuclear fuel cycle. These costs were 
then subdivided into two components: (1) those costs which would have been incurred 
by a prudent operator in the absence of regulation; and (2) those costs incurred only to 
satisfy regulatory requirements, the so-called marginal cost of regulation. 


To assess the impact of regulation on the capital cost of nuclear power 
generation, the Pickering B station was examined. Out of a total capital cost of the 
Pickering B station given as $3,097 million, $309.5 million or 10% was attributed to 
radiation health, safety and environmental considerations. Of this amount, $196.9 
million (6.4%) was estimated to be the cost which would have been incurred by a 
prudent but unregulated operator; $112.6 million (3.6%) was estimated to be the 
marginal cost of regulation. 


To assess the costs of safety and regulation in an operating reactor, the Bruce 
A station was selected for the 1980 operating year. The total cost of radiation health, 
safety and environmental measures was estimated at $30.7 million, or 8.9% of the 
Bruce A total cost of producing electricity that year. Of this amount, $15.55 million 
(4.5%) was deemed to be costs which would have been incurred by a prudent but 
unregulated operator; $15.15 million (4.4%) was deemed to be the marginal cost of 
regulation. 


The AECB drew the conclusion that the cost of regulating power reactors in 
Canada was a relatively small proportion of the total cost of producing 
nuclear-electricity. The Board cautioned, however, that these findings were only 
approximate because they were based on the study of two specific stations and 
because there was uncertainty in subdividing costs to the prudent operator and to the 
marginal regulatory cost. In any case, "The existence of a competent regulatory 
authority appears to be a necessary prerequisite for public acceptance of the CANDU 
nuclear power program" (Harvie, 1985, p. 2). 


D. The Economic Cons of Nuclear Power 
1. Pattern of Expenditure 


Risk and uncertainty are two undesirable, and hence expensive, components of 
investment projects. Safety considerations aside, nuclear power plants are perceived 
by many utilities to carry a greater economic risk than comparable coal-fired stations. 
This perception is reinforced by the testimony of the NBEPC before the Committee, 
regarding a second unit at Point Lepreau. Although government-owned utilities in 
Canada are not in the same position as are privately-owned utilities in the United 
States (where costs of capital are sensitive even to such factors as delay suffered due 
of blockages in the regulatory process arising from public pressure), carrying costs — 
that is, the interest rate times the capital borrowed — are just as much affected by delay. 
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Because the greatest share of nuclear plant costs is borne up front (given the 
relatively higher construction cost and lower operating and fuel costs), utilities end up 
with high carrying charges in any case, and the consequences of construction delay 
are much more costly than they might be for a thermal plant, the construction (or 
"capital") costs of which are a relatively lower proportion of total lifetime cost. Moreover, 
the time period required to bring a nuclear plant into commercial service is generally 
longer than for a thermal plant of equivalent capacity. This means that not only are 
carrying charges less with coal units, but a more flexible and responsive strategy to 
power planning is possible. The trend in the capital cost of Ontario Hydro’s CANDU 
reactors, measured in current dollars per unit of installed, net generating capacity 
(including the electrical equivalent of useful Bruce A steam), is presented in Table 21. 


Table 21: Trend in Ontario Hydro Nuclear Station Costs, Measured in Current Dollars 
per Kilowatt of Installed Net Electrical Equivalent Capacity 


Station Specific Cost ($ per kWe) Year in Service 
Actual Cost 

Pickering A 362.4 1O7 11973 

Bruce A 606.0 1977-1979 
Estimated Cost 

Pickering B 1871.1 1983-1986 

Bruce B 1821.8 1984-1987 

Darlington 3095.3 1988-1992 


Source: Ontario Hydro, Economics of CANDU-PWH — 1985, NGD-10, Toronto, August 1986, page 27. 


It is apparent from Table 21 that the capital cost of the three more modern 
Stations, even allowing for inflation, is significantly higher than the cost of the original 
Pickering A and Bruce A stations. 


Among nuclear power reactors themselves, CANDU also represents a higher- 
cost option. The CANDU reactor system has a higher capital cost than an LWR of 
comparable generating capacity. To this must be added the one-time cost of the heavy 
water charge for the CANDU. [The estimated cost of the initial inventory of heavy water 
for the four new Darlington reactors is $1,539 million, almost 14% of the projected total 
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capital cost of the station.] Although the CANDU will cost significantly less to operate 
than the LWR, the up-front cost is nonetheless a very important factor in a utility's 
decision on the type of generating capacity that it will install. 


Table 22 summarizes Ontario Hydro data comparing a four-unit CANDU station 
based on Bruce A costs with a comparable four-unit PWR station. All unit energy costs 
are expressed in 1985 dollars per megawatt-hour of electrical equivalent. 
Decommissioning, spent fuel disposal and retubing costs are not included in Table 22. 
The CANDU units are assumed to operate with an average net capacity factor of 78%; 
the PWR is analyzed both for a "high" capacity factor of 68% and for an "average" 
capacity factor of 61%. 


Table 22: Ontario Hydro CANDU Costs Versus Estimated PWR Costs in 1985 


PWR 
High Capacity Average Capacity 
CANDU Factor Factor 
Station Size (MWe net) 4 x 809 4 x 809 4 x 809 
Net Capacity Factor 78% 68% 61% 
Interest & Depreciation 
Unit Energy Cost 
Dry capital 10.44 11.98 EEE 
Commissioning 0.42 0.48 0.54 
Fuel 0.14 0.69 OF 
Heavy water Pas = — 
Total Interest & Depreciation 
Unit Energy Cost 13.75 13.15 14.66 
Operation, Maintenance & 

Administration Unit Energy Cost 4.18 4.79 5.34 
Fueling Unit Energy Cost 4.65 8.90 8.90 
DO Upkeep Unit Energy Cost 0.37 — - 
TOTAL UNIT ENERGY COST 22.95 26.84 28.90 


Source: Ontario Hydro, Economics of CANDU—PHW — 1985, NGD-10, Toronto, August 1986, page 37. 
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The CANDU displays a lower Total Unit Energy Cost than the PWR, but some of 
the assumptions underlying the calculation can be questioned. The average capacity 
factor assumed for the PWR was 61%, based upon international operating experience 
through 1985. [The world capacity-weighted, average lifetime load factor for PWRs to 
mid-year 1987 was 62.7%.| The average cumulative load factors achieved by several 
industrialized countries operating (four or more) reactors has been considerably better 
than the "high" value of 68% assumed in Table 22. Switzerland, operating three PWRs 
and two BWRs, had a 79.7% cumulative load factor through June 30, 1987. Finland's 
record for two PWRs and two BWRs stood at 79.3%, and Belgium's eight PWRs at 
78.0%. (NEI, 1988, p. 13 and 19) Thus significantly better operating records have been 
achieved in a few countries, for both the PWR and BWR types. 


The decision to exclude pressure tube removal costs, on the grounds that 
"these exclusions do not have a significant effect on the relative costs of alternative 
types of nuclear generation for a major program" (Ontario Hydro, 1986a, p. 36), also 
appears questionable. Although Ontario Hydro now includes provision for future costs 
of decommissioning, fuel disposal and pressure tube replacement, these provisions 
are said by the authors of the study to "...have too much uncertainty to be meaningful in 
comparisons of alternative generation types" (Ontario Hydro, 1986a, p. 36). 


It is evident from Table 22 that heavy water is a significant component of cost in 
the Canadian program. In this calculation, the initial heavy water charge and heavy 
water upkeep together account for 13.6% of the CANDU TUEC of 22.95. According to 
Ontario Hydro, the cost of producing heavy water at Bruce is a strong function of the 
production rate. The 1987 heavy water cost of production is quoted by Ontario Hydro 
as $364 per kilogram (dividing the total 1987 heavy water production cost of $256.6 
million by the output of 705 tonnes). In 1988, with a substantially lower rate of 
production, the unit cost is estimated to be $563 per kilogram (dividing the projected 
1988 production cost of $243.1 million by the projected output of 432 tonnes). [Note 
that these are unit production costs, not sales values — the amount that Hydro receives 
for external sales of heavy water may not be directly linked to the production cost.] The 
utility estimates for its internal bookkeeping purposes that the cost of the initial heavy 
water inventory for the four new Darlington reactors will be $1,539 million, including 
transportation and storage charges, out of a final capital cost now projected to total 
$11,171 million. (Personal communication: Cameron Campbell, Government 
Relations, Ontario Hydro, 8 August 1988) If one assumes that an initial heavy water 
inventory of 0.8 tonne is required per megawatt of installed generating capacity at 
Darlington, then the unit cost of the heavy water is approximately $545 per kilogram 
(ignoring transportation and storage charges). 


2. CANDU Pressure Tube Problems 


The pressure tube deterioration in the Pickering A reactors is a good example 
of what can go wrong, even under the best conditions of planning and development. 
According to Ontario Hydro, the November 1987 estimate of the direct cost of materials, 
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labour and equipment needed to remove and replace the pressure tubes, including 
recommissioning, of Pickering units 1 and 2 was $402 million. Added to this is the cost 
of providing replacement energy: approximately $200,000-$250,000 per day for each ~ 
unit. Thus the cost of replacement energy has more than doubled the direct financial 
impact of the retubing. 


The retubing of units 1 and 2 has not only affected Ontario Hydro. Although 
ownership of these two units is vested in Ontario Hydro, the utility, the Province of 
Ontario and AECL are parties to an agreement covering their construction and 
operation. Under this Nuclear Payback Agreement, payments totalling about two-thirds 
of the financial benefit from the two reactors (based on the net operational advantage 
of the power generated by Pickering units 1 and 2 compared with the coal-fired 
Lambton units 1 and 2) have been made each year by the utility to the other two 
parties. Conversely, the Agreement has also committed AECL and the Province to 
share the costs of the retubing and the replacement energy. Since late 1983, the value 
of the payback has been negative and has remained so during the retubing. Ontario 
Hydro has not been collecting these costs from the other two parties; under an 
amendment to the Payback Agreement, the utility will recover this accumulated 
"negative payback", including interest, over the remaining life of the Agreement (to 
2003). Consequently, only about one-third of the cost of the retubing will accrue to 
Ontario Hydro ratepayers; the remainder will in effect be deducted from revenues that 
AECL and the Province of Ontario would otherwise have received from the operation of 
units 1 and 2. 


As of 31 December 1987, the negative payback amount totalled $205 million 
(Ontario Hydro, 1988a, p. 38), with AECL and the Province sharing this obligation 
about equally. Under the amended Agreement, Ontario Hydro commences recovery of 
this amount with the return to service of both units. 


It is only fair to mention, however, that the learning experience of this problem 
has provided preventive measures for future installations and has engendered 
sophisticated and efficient technological advances in detecting and correcting 
pressure tube problems. 


3. Nuclear Waste Management and Plant Decommissioning 


The question of nuclear waste management is a contentious issue in Canada, 
as it is in most countries with nuclear power programs. The estimated costs of dealing 
with that waste remain substantially unproven, until a definitive policy on waste 
disposal is worked out by government and the nuclear industry. While the Committee 
has every confidence that nuclear waste is being dealt with conscientiously and safely 
in Canada, it acknowledges that this issue, and the potentially large expenditures 
involved in settling it, does not arise with non-nuclear power stations. 


Another factor in the calculations is the cost of decommissioning nuclear 
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facilities. It remains unclear what the service life of a CANDU reactor may be, but a 
further expenditure will be incurred when the facility is taken out of service. While 
Canada has several facilities which are being decommissioned, the most recent being 
the NPD reactor, we have not yet had the experience of terminating the operational life 
of a large, multi-unit station. The costs of doing so in another twenty or thirty years are 
merely educated guesses as funds are allocated for this purpose now. 


Fossil-fuelled stations, in contrast, have more potential for modernizing, as new 
parts and technologies can be incorporated into the station, and are also more likely to 
be used in a limited capacity for peaking power later in their life cycle. This allows the 
postponement of full-plant replacement costs, and offers the possibility of on-going 
refurbishment to avoid the difficulties of committing to and raising a large sum for a new 
plant. 


A 1986 study by the Nuclear Energy Agency of the OECD, to which Canada 
contributed information, evaluated the cost of decommissioning nuclear facilities 
(OECD, NEA, 1986a). Decommissioning was divided into three stages. Stage 1 
decommissioning involves blocking and sealing mechanical systems _ while 
maintaining the first contamination barrier as it was during operation. Some fuel 
handling systems may be kept operational for later decontamination work. Access to 
the containment building is controlled and the plant is kept under surveillance. Stage 2 
decommissioning has the easily dismantled reactor parts removed and a long-term 
contamination barrier put in place. If the containment building no longer plays a role in 
radiological safety, it may be removed. Nonradioactive parts of the plant may be 
converted to new uses. Surveillance continues at a reduced level. Stage 3 
decommissioning involves the removal of all contaminated equipment and structures. 
Unless the site is re-used, it is released without restrictions due to residual radioactivity 
and no further surveillance is required. 


Based on these decommissioning stages and converting the national data 
received into 1984 U.S. dollars, the NEA calculated the decommissioning cost for a 
standard-sized 1,300 MWe reactor, including a contingency fund of 25%. For a 1,300 
MWe PHWR of the CANDU type, the undiscounted cost of proceeding immediately to a 
stage 3 decommissioning was assessed at $US(1984) 145 million. If the strategy was 
to proceed with a stage 1 decommissioning, followed by 30 years storage and then 
stage 3 decommissioning, the undiscounted cost was calculated to be $US(1984) 117 
million. Using a discount rate of 5% to the year of shutdown, the costs became 
$US(1984) 129 million for the immediate decommissioning and $US(1984) 29 million 
for the delayed decommissioning. (OECD, NEA, 1986a, p. 9) Assuming (1) a reactor 
service life of 20, 25 or 30 years; (2) either a prompt or delayed decommissioning 
Strategy; and (3) using discount rates of 0%, 5% or 10%, the decommissioning cost for 
a 1,300 MWe PHWR per unit of electricity produced over the reactor lifetime was in all 
cases calculated to be less than one 1984 U.S. mill per kilowatt-hour. Higher discount 
rates and longer reactor service life lower the calculated unit cost. (OECD, NEA, 
—-1986a, p. 62-63) 
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Ontario Hydro makes accounting provisions for decommissioning and fuel 
disposal costs within the category of "accrued fixed asset removal and irradiated fuel 
disposal costs" (Ontario Hydro, 1988a, p. 43). Fixed asset removal costs include the 
costs of decommissioning nuclear generating stations and heavy water production 
facilities after their service lives, and the costs of fuel channel replacements. To the end 
of 1987, Ontario Hydro had accrued fixed asset removal costs of $311 million ($162 
million for accrued decommissioning costs and $149 million for accrued fuel channel 
removal costs). Hydro plans a delayed decommissioning, with a 30-year surveillance 
period between shutdown and dismantling. For estimating future costs of irradiated fuel 
disposal, Hydro assumes that a commercial disposal facility will begin receiving spent 
fuel in 2010. To the end of 1987, Ontario Hydro had accrued irradiated fuel disposal 
costs of $306 million. Hydro's annual report provides the set of assumptions used in 
calculating retubing, decommissioning and fuel disposal costs. 


4. Government Support 


Critics of nuclear development in Canada often refer to the massive amount of 
government funding of nuclear research and development — a subsidy unavailable to 
other industries in the economy. To the end of fiscal year 1978/79, a total federal 
investment of approximately $3.4 billion in as-spent or current dollars had been made 
in the development and use of nuclear power in Canada, as determined in a 1980 
study prepared by the Department of Finance (Canada, EMR, 1981, p. 301-330). 


This study summarized federal support in four general categories. Of the $3.4 
billion invested since World War Il, 56% went into nuclear power development, 22% 
into heavy water production, 22% into financing nuclear sales and 2% into uranium 
industry support. 


The study also subdivided expenditures under the headings of (1) research 
and development — $2,137.1 million; (2) prototype reactors (Douglas Point and Gentilly 
1) — $157.5 million; (3) commercial reactors — $385.5 million; (4) export reactor sales — 
$305.4 million; (5) heavy water plants — $540.2 million; (6) regulation and insurance — 
$41.8 million; (7) Eldorado Nuclear Ltd. — $64.7 million; (8) Uranium Canada Ltd. — 
$42.7 million; and (9) miscellaneous financial flows — $16.0 million. Some of these 
expenditures were in the form of loans to be repaid, for example, when an export 
reactor entered service or when heavy water sales were made. 


The Committee has collected more recent information that suggests a further 
$3.3 billion has been invested by the federal government since the 1978/79 fiscal year. 
Most of this support — $3,085.6 million through fiscal year 1987/88 — has gone to AECL 
to fund nuclear R&D, the federal heavy water program, and the decommissioning and 
safeguarding of prototype reactors. Of this total, $816.9 million represents the 
forgiveness of heavy water plant loans and interest charges. From fiscal year 1979/80 
through 1988/89, federal appropriations for the Atomic Energy Control Board have 
totalled $187.8 million. Federal funding of the nuclear fusion program, principally on 
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the jointly funded Varennes, Quebec Tokamak, amounts to approximately $33 million. 
Thus there has been a total federal investment in nuclear power approaching $7 billion 
over 40 years of development. Heavy water costs have been prominent in Canadian 
nuclear development, accounting for almost one-quarter of all federal support. 


Regarding the costs of regulation, there is at present no shifting of the burden of 
funding the AECB -— the industry regulator — onto licence holders. This is in contrast to 
the United States, where Congress has directed the Nuclear Regulatory Commission 
to collect user fees so as to offset 45% of its budget. In 1988, the NRC budget amounts 
to $US 392.8 million. For reference, total Canadian AECB regulatory expenditures 
during the period 1946-1979 were $42 million (not including AECB research 
expenditures of $79.2 million over that period). Annual AECB expenditures are today 
about $24.4 million. 


Finally, there is a continuing debate between nuclear critics and the industry 
regarding nuclear liability insurance. At present, under the Nuclear Liability Act, 
owners of nuclear facilities must carry a total of $75 million in insurance (public liability) 
for each individual facility. This coverage is provided through two mechanisms. 


(a) A basic level of coverage is prescribed by the AECB. Such coverage is obtained 
through an approved private carrier, which in Canada's case is the insurance 
industry pool operating the Nuclear Insurance Association of Canada (NIAC). 


(b) Supplementary insurance is required to bring the total coverage to $75 million for 
some facilities. Such insurance may, if required, be provided through a reinsurance 
agreement with the federal government, subject to Treasury Board approval. 


In 1987, the cost of this insurance for Ontario Hydro's Pickering A and B 
stations and the Bruce A and B stations was $1.667 million. For 1986, the cost of these 
premiums represented approximately 0.1% of the cost of nuclear generation. 
Insurance costs, if full liability were to be borne by the nuclear industry, would alter the 
economics of nuclear power. It has been argued by some nuclear opponents that the 
nuclear option would then become prohibitively expensive, although the U.S. NRC has 
advanced a proposal for full liability that it maintained could be accommodated by 
American nuclear utilities. The Committee does not believe that higher public liability 
coverage in Canada will impose an undue burden on the nuclear industry. 


E. Summary Remarks 


The Committee concludes on the basis of the economic data that it has 
reviewed that nuclear power is less expensive on a unit cost basis than fossil-fuelled 
generation in the Ontario Hydro and New Brunswick Electric Power Commission 
systems. This does not mean that nuclear costs are invariably lower. The retubing of 
units 1 and 2 forced the unit energy cost for the Pickering A station temporarily above 
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that of an equivalent Ontario Hydro coal-fired station. The impact on the unit energy 
cost of retubing units 3 and 4 will be less dramatic now that Hydro has established a 
sinking fund to cover such expenditures. NBEPC observes that the energy cost at Point 
Lepreau, at 5.5 cents per kilowatt-hour, exceeded the cost of oil-fired generation at 
Coleson Cove in 1986. However, Point Lepreau was a much cheaper source of 
electricity prior to the oil price collapse and nuclear-electricity will regain its cost 
advantage as the price of oil recovers. Adding to Point Lepreau's strength is the 
exceptional record that this reactor has established in its first five years of operation. 


Of more concern is a general tendency for nuclear power to lose some of its 
economic advantage over coal with time, as indicated by the Ontario Hydro data. Even 
with the impact of the Pickering retubing removed, the nuclear cost advantage has 
been diminished. The principal culprit here is the escalation in capital cost of the 
Pickering B, Bruce B and Darlington stations beyond what can be readily explained by 
the higher inflation rates of that period. More detailed and up-to-date cost analyses are 
needed in these cases to track this evolution in detail and to see what it implies for the 
future. 


On the international scene, the Committee sees a mixed picture. In France and 
Sweden, nuclear-electricity has a clear cost advantage over other large-scale 
generating alternatives, notwithstanding Sweden's decision to phase out its nuclear 
generating capacity. In West Germany, nuclear-electricity is less expensive than power 
produced from domestically mined coal and that cost advantage is expected to 
increase. Imported thermal coal, at its currently depressed price, can just about match 
German nuclear-electric costs, but West German utilities are having to install scrubbers 
and this major investment will force the cost of coal-fired generation to rise significantly. 
Both France and West Germany regard nuclear power as an essential and expanding 
component of their energy systems. 


The U.S. nuclear program is in trouble on several fronts. Regulatory complexity 
and delay, litigation initiated by various groups, the proliferation of reactor 
configurations, and the inadequate resources and training brought by some utilities to 
their nuclear programs are acting to force costs up sharply. It is not clear to the 
Committee how these varying problems will be resolved. The U.S. Government has 
acted to move the radioactive waste management program ahead, which may allay 
some public concern, but there is little indication that government and the nuclear 
industry have yet discovered how to overcome the general industry malaise. 
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What Future for the Canadian Nuclear Industry? 


As a reactor vendor, AECL's prospects in the near term are not particularly 
promising. Ontario Hydro will need to bring new generating capacity into its system in 
the 1990s but there is no guarantee that the next increment in capacity will be nuclear. 
Hydro-Québec is looking to an expansion of its James Bay hydro-electric complex and 
is unlikely to consider additional nuclear units until well into the next century. New 
Brunswick Electric Power Commission could be in the market for a CANDU 300, but is 
wary of the financial commitment. A risk-sharing agreement with the federal 
government seems necessary to make this project go. A CANDU 300 sale is key to 
AECL's international marketing strategy and the federal government should look 
closely at some arrangement with NBEPC. 


It is clear that reactor sales alone will not carry AECL through the coming low 
period without financial assistance. To minimize the need the federal funding, AECL 
must look to other business opportunities. 


One such opportunity is the Canadian Submarine Acquisition Program. In his 
White Paper, the Minister of Defence announced the government's intention of 
acquiring a fleet of 10 to 12 nuclear-powered submarines. AECL was subsequently 
asked to assist in the evaluation of the potential vendors of the nuclear propulsion 
reactor, and responded by establishing a Marine Propulsion Unit in Ottawa. A task 
force of senior AECL Research and CANDU Operations staff has recently been acting 
in an advisory capacity for the submarine program. 


As the primary Canadian reservoir of knowledge and expertise in nuclear 
technology, one can expect that this advisory role will expand as program 
requirements become clearer. Because of concerns expressed by the potential foreign 
reactor suppliers about the confidentiality of the technology transfer, it seems likely that 
AECL's participation as a crown corporation would be favoured over private sector 
nuclear companies. It has been suggested that AECL may be named the prime 
contractor for all nuclear elements of the submarine program. 


Given the requirements for Canadian content in the submarine program, 
proceeding with this acquisition would generate substantial employment in both AECL 
and the private sector of the nuclear industry. 


Another opportunity lies in the proposed "kaon factory". The operators of 
TRIUMF, Canada's National Meson Facility located in Vancouver, have proposed the 
construction of a $400 million accelerator complex which would provide more 
energetic and more intense particle beams for a wide range of frontier studies in 
fundamental and applied science. Many of the skills required in the construction of this 
so-called kaon factory are common to those needed in the nuclear power industry and 
include robotics, remote handling, radiation monitoring and radiation shielding. 
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This project offers the possibility of maintaining this base of skills through 
expanding the operations of many participants in the industry. AECL, with its history of 
association with TRIUMF and its demonstrated skills in these areas of technology, 
seems a likely contender for significant design and engineering work. 


The TRIUMF proposal is currently awaiting a funding decision by the federal 
government. 


Within AECL itself, a number of Business Units are taking spin-off technologies 
from the nuclear business and attempting to establish them as commercial enterprises. 
The SENSYS Business Unit in Nepean, Ontario is developing an engine wear monitor 
for military and industrial markets. Morton-Thiokol in the United States has awarded 
AECL a technical studies contract for improving the engine O-ring seals on the shuttle 
launch vehicle, failure of which destroyed the Challenger spacecraft. A Chalk River 
spin-off company was established to market radiation detectors using the bubble 
detection method developed at AECL. These are examples of important initiatives in 
expanding and diversifying AECL's scope of operations. 


A disturbing trend is the shortage of skilled scientific and engineering 
personnel which is beginning to emerge in all segments of the nuclear industry, 
despite the turndown in activity. Many Canadian organizations, public and private 
sector, are reporting difficulties in locating experienced staff to fill vacancies. Although 
these shortages are currently limited to intermediate and senior level positions, the 
reduction in undergraduates entering nuclear-related university and college programs 
poses a serious long-term manpower problem. 


Factors contributing to the short-term shortage include normal attrition and loss 
of intermediate-level staff due to poor career advancement opportunities in a 
contracting field. The lack of interest in nuclear-related training by new students reflects 
the poor opinion of nuclear power held by part of the public and the apprehended lack 
of promotional opportunities. 


Given the average age of nuclear engineering staff at the specialist level, the 
30 to 40 years (and perhaps more) of operational support required for power reactors 
and the lack of new staff, special attention will need to be given to maintaining an 
adequate reservoir of technical expertise in the 1990s and beyond. 


In response to the general industry downturn, certain companies have reduced 
or ended their nuclear-related activities. DSMA-Atcon, a private sector consulting firm 
formerly active in the nuclear field, apparently ceased its Canadian operations in 
1986/87. The Groupe d'Analyse Nucléaire which operated at the Ecole polytechnique 
in Montreal no longer offers support services to Hydro-Québec. CAE's nuclear power 
plant simulator unit has been unsuccessful in recent contract bidding, has lost part of — 
its nuclear staff, and its continued operation in the reactor simulator business is 
reportedly in question. Many of the skilled workers who have left these organizations 
are permanently lost to the nuclear industry. This erosion in manpower in the industrial 
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base supporting the nuclear power program is also disturbing. 


A strong institutional framework will help sustain the nuclear industry in the 
years ahead. The federal government should make a clear policy statement of the part 
that it expects nuclear power to play in Canada's future energy development, and the 
degree to which it will support the nuclear option. The public needs a better 
explanation of the federal position on radioactive waste management, and on nuclear 
safety and liability. The forthcoming study by Ontario of the economics of Ontario 
Hydro's nuclear-electric power production will further clarify that aspect of the situation. 
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Appendix A 


Two Dissenting Statements 


Statement by the Member for Cape Breton—The Sydneys 


| agree with the Committee's endorsement of nuclear power as a necessary 
and environmentally acceptable energy source of the future — although my 
reservations about its shortcomings are stronger than those portrayed in the report — 
and | agree with the wording of the 14 recommendations presented. My disagreement 
is with the Committee's acceptance of a role for private enterprise in some important 
aspects of nuclear development. 


The Committee accepts the privatization of the Radiochemical Company and 
the Medical Products Division, subject to AECL being able to retain a minority interest 
in the new companies and to control of these entities remaining in Canada. | 
recommend against these elements of AECL being spun off as private companies at 
all, because | do not believe that it is in Canada's interest to have the marketing of a 
host of radioactive substances carried out as a private business, and because AECL 
will lose a major source of income. The manufacture and sale of radioisotopes for 
medical purposes, for food and wastewater irradiation, and for industrial applications 
will be subject to less abuse and will be better monitored if carried out as a government 
enterprise. | do not object in general to AECL Business Units, many of which are 
developing non-nuclear applications of technology, being converted into private 
companies. 


For similar reasons | do not approve of the commercial deployment of the 
SLOWPOKE Energy System. Although SLOWPOKE is a comparatively safe form of 
thermal reactor, the prospect of having these low-power reactors dispersed across 
Canada in private hands for district heating purposes or as a source of process energy 
for industry is disturbing. 


Given the innate biological hazard of radioactive materials, | prefer to see 
control of the applications of atomic energy kept within government. 
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Statement by the Member for Yorkton—Melville 


New Democrats recognize and respect the public's genuine concern about 
Canada's active involvement in the nuclear age. As such, New Democrats were 
prepared to participate in this economic review of nuclear power — although it fell far 
short of previous Conservative promises of a Parliamentary inquiry into all aspects of 
the nuclear fuel cycle — in the hope that the Committee would at least approach the 
question of economics in an objective manner. Unfortunately, the Committee's analysis 
is sO simplistic and so uncritically pro-nuclear that it cannot be supported by New 
Democrats. 


The Committee fails to determine the true costs of nuclear power and fails to 
consider seriously the economic and energy potential of conservation and alternate 
energy sources such as hydrogen. The Committee's report is such a collection of 
selective facts, subjective assumptions and pure speculation that one is almost 
tempted to conclude that it was prepared by the nuclear industry itself and not by an 
impartial Standing Committee of the House of Commons. 
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Appendix B 


List of Witnesses 


Witness 


From the Department of Energy, Mines and Resources: 
Arthur Kroeger, Deputy Minister 


Robert W. Morrison, Director General, Uranium and 
Nuclear Energy Branch 


Ted Thexton, Adviser, Nuclear 


From Atomic Energy of Canada Limited: 
James Donnelly, President 
Stan Hatcher, President, Research Company 


Ronald Veilleux, Corporate Secretary and Vice-President, 
Corporate Relations 


Michel Therrien, Corporate Executive Vice-President 


From the National Energy Board: 
Roland Priddle, Chairman 
Mark Segal, Director, Economics Branch 
Alex Karas, Director, Electric Power Branch 


From the Atomic Energy Control Board: 
René J.A. Lévesque, President 


Zigmund Domaratzki, Director General, Directorate of 
Reactor Regulation 


David Smythe, Director General, Directorate of Fuel Cycle and 
Materials Regulation 


John Beare, Director, Regulatory Research Branch 
R.W. Blackburn, Director, Planning and Administration Branch 


From Energy Probe: 
Norman Rubin, Director, Nuclear Research 


Date 


03/11/87 


04/11/87 


18/11/87 


18/11/87 


19/11/87 


Issue 


29 


30 


31 


32 


33 
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Witness 


From the Canadian Nuclear Association: 
Noel O'Brien, Chairman 
Michael Harrison, President 
lan Wilson, Vice-President 
Rita Dionne-Marsolais, Vice-President, Information 
Nick Ediger, Director and Past Chairman 


From the Canadian Electrical Association: 
Wallace Read, President 


Hans Konow, Director, Public Affairs 


From Ontario Hydro: 
Lorne McConnell, Vice-President, Power System Program 


Mitch Rothman, Chief Economist and Director, Economics and 
Forecast Division 


Ken Snelson, Manager, Bulk Electricity System Resources 
Planning Department 


Ted Bazeley, Manager, Nuclear Fuel Supply Department 
Richard Furness, Government Relations Officer 


From Passmore Associates International: 
Jeff Passmore, President 


David Argue, Senior Associate 


From the New Brunswick Electric Power Commission: 
Terry Thompson, Director, Public Affairs 
A.R. Mackenzie, Plant Manager 


From Marbek Resource Consulting: 
Brian Kelly, President 

From Torrie, Smith and Associates: 
Ralph Torrie, President 


Date 


01/12/87 


15/12/87 


16/12/87 


02/03/88 


04/03/88 


10/03/88 


Issue 


34 


37 


38 


39 


40 


41 
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Witness Date 


From TransAlta Utilities Limited: 10/05/88 
Walter Saponja, Senior Vice-President, Generation 


Edward J. Barry, Vice-President, Research 


From the Ontario Nuclear Safety Review: 14/06/88 


F. Kenneth Hare, Commissioner 
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Appendix C 


Committee Travel 


The Standing Committee on Energy, Mines and Resources made three trips within Ontario and two trips 
internationally to broaden its knowledge and understanding of nuclear power development in Canada and 
in selected foreign countries. The organizations and individuals with whom the Committee consulted 
during this travel are listed below. 


Committee Travel to Chalk River Nuclear Laboratories, March 1,1988 


Chalk River Nuclear Laboratories, Chalk River 


Peter J. Harvey, General Manager, Chalk River Nuclear Laboratories 

Ralph E. Green, Vice-President, Reactor Development 

Howard K. Rae, Vice-President, Radiation Applications and Isotopes 

J.C. Douglas Milton, Vice-President, Physics and Health Sciences 

Donald H. Charlesworth, Director, Waste Management Technology Division 
Bernard DeAbreu, Manager, Reactor Operations Branch 

Rudy M. Lepp, Manager, Components and Instrumentation Division 
Gerald F. Lynch, General Manager, Local Energy Systems Business Unit 
Norman E. Gentner, Radiation Biology Branch 

William R. Taylor, Technical Specialist, Mechanical Systems Design Branch 


Lorna E. Evans, Manager, Public Affairs 


Committee Travel in Southern and Eastern Ontario, March 20-23,1988 


Canadian General Electric, Peterborough 
Paul Schofield, Vice-President, Power Systems and Services 


Sil Dragan, Manager — Marketing, Nuclear Fuel Handling Operations, Power Systems and 
Services 


Dean A. Wasson, Manager — Nuclear Products, Power Systems and Services 
Dave Irwin, Manager — Nuclear Fuel Handling Operations, Power Systems and Services 


Harvey R. Lee, Manager — Nuclear Fuel Operations, Power Systems and Services 
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Invar Manufacturing Ltd., Batawa 
Brian Riden, Vice-President and General Manager 
Maurice Mainville, General Sales Manager 
James A. Steenburg, Material Control Manager 


CANDU Operations, Atomic Energy of Canada Limited, Mississauga 
Don S. Lawson, President 
H.M. VanAlstyne, Vice-President, Technical 
Dennis R. Shiflett, Vice-President, Engineering Services Business Unit 
L. John Ingolsfrud, Vice-President, Ontario Hydro Business Unit 
David N. Harrington, Executive Assistant to the President 


Masoneilan/Dresser Canada, Inc., Mississauga 
Brian E. Minns, Vice-President and General Manager 
Ray Briggs, Sales and Marketing Manager 


Babcock & Wilcox Canada, Cambridge 
Paul Koenderman, President 
James Smith, Manager, Nuclear Products Marketing 
Malcolm Cox, Manager, Projects 


Dennis Dueck, Manager, Facilities Engineering 


Bruce Nuclear Power Development, Ontario Hydro, Tiverton 
Terry D. Squire, Corporate Relations 
Brian Wood, Operation Manager 
Darrell Davidson, Manager 
Les Broad, Station Manager, Douglas Point Generating Station 


Cameron D. Campbell, Analyst, Government Relations, Corporate Relations Branch (Toronto) 


RESOLUTE Development Corp., Kincardine 
Sam MacGregor, President 


svi 


Committee Travel in Sweden, West Germany and France, April 8-16,1988 


Sweden 
Canadian Embassy, Stockholm 
His Excellency Dennis B. Browne 
Gregory J. Kozicz, Third Secretary and Vice-Consul 


Milj6- och Energidepartementet / Ministry of Environment and Energy, Stockholm 
Rolf Annerberg, Under-Secretary of State 
Lars Ekecrantz, Expert 


Karnkraftsakerhet och Utbildning AB / Nuclear Training and Safety Centre, Nyképing 
Rolf |. Odin, Senior Engineer and Project Manager 


Statens stralskyddsinstitut / National Institute of Radiation Protection, Stockholm 
Gunnar Johansson, Radiation Protection Officer 


Statens karnbranslenamnd / National Board for Spent Nuclear Fuel, Stockholm 
Olof Séderberg, Director 
Nils Rydell, Chief Engineer 
Margaretha Stalfors, Director of Finance 


Statens karnkraftinspektion / Swedish Nuclear Power Inspectorate, Stockholm 
Séren Norrby, Director, Division of Nuclear Waste 


Studsvik Energiteknik AB, Nykdéping 
Walter Hubner, Vice President, Research and Development, Energy Technology Division 
Claes Harfors, Vice President, Power Plant Services, Nuclear Division 
Eric Hellstrand, Vice President, Safety and System Analysis, Nuclear Division 
Lennart Devell, Deputy Head, Safety and System Analysis, Nuclear Division 
Per Linder, Project Manager, Nuclear Division 


Svensk Karnbranslehantering AB / Swedish Nuclear Fuel and Waste Management Company, 
Stockholm 


Sten Bjurstr6m, President 
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Vattenfall / Swedish State Power Board, Osthammar 


Arthur Monsen, Service Department Manager 


Federal Republic of Germany 
Canadian Embassy, Bonn 
His Excellency W.T. Delworth 
Maureen Lofthouse, Counsellor, Science and Technology 
Richard Tétu, Counsellor, Political 
Christian Luckner, Science and Technology 


Dennis Baker, Canadian Consul General (Dusseldorf) 


Government of the Federal Republic of Germany, Bonn 
Albert Probst, Parliamentary Secretary of State, Federal Ministry for Research and Technology 


Martin Griener, Parliamentary Secretary of State, Federal Ministry for Environment, 
Nature Conservation and Reactor Safety 


Rheinisch—Westfalisches Elektrizitatswerk AG, Essen 
Klaus P. Messer, Director 


France 
Canadian Embassy, Paris 
Alain Dudoit, Political Counsellor 
Robert Hage, Counsellor, Political Affairs 
Jean-Pierre Juneau, Minister-Counsellor, Political Affairs 


lan MacLean, Economic Counsellor 


Commissariat a I'Energie Atomique / Atomic Energy Commission, Paris 
Pierre Cachera, Director, Technology and Equipment 
Philippe Hammer, Assistant to the Technology Director 
Philippe Raimbault, Liaison — International Relations 


Framatome, Paris 


Pierre-Yves Gatineau, President, International Relations 


es) 


Association France—Canada , Paris 
Senator Adolphe Chauvin, President 


Agence Nationale pour la gestion des Déchets Radioactifs / National Agency for 
Nuclear Waste Management, Paris 


Armand Faussat, Assistant Director 


Institut National des Sciences et Techniques Nucléaires / National Institute of Nuclear Science 
and Technology, Saclay 


Yves Chelet, Director 


Georges Le Guelte, Assistant Director 


Committee Travel to Washington, D.C., May 1-4,1988 


Canadian Embassy 
Leonard H. Legault, Deputy Head of Mission and Minister (Economic) 
T. D'Arcy McGee, Counsellor (Energy) 
Henry C. Armstrong, Counsellor (Commercial) 
Jonathan Fried, First Secretary 
Ross Glasgow, First Secretary 


Department of Energy 
Theodore J. Garrish, Assistant Secretary 
Del Bunch, Principal Deputy Assistant Secretary for Nuclear Energy 
Richard H. Williamson, Deputy Assistant Secretary for International Affairs 


Jerome Saltzman, Deputy Director, Office of Facilities Siting and Development, Office of 
Civilian Radioactive Waste Management 


Mary Ann Novak, Special Assistant to the Assistant Secretary for Nuclear Energy 
Betsy O'Brien, Data Analysis and Forecasting Branch, Energy Information Administration 
Dan Nikodem, Office of Nuclear and Alternate Fuels, Energy Information Administration 


Wanda M. Klimkiewicz, International Program Assistant, Office of International affairs and 
Energy Emergencies 
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Senate Committee on Energy and Natural Resources 
Benjamin S. Cooper, Professional Staff 
Mary Louise Wagner, Professional Staff 
Marilyn Meigs, Professional Staff Member, Office of Senator James A. McClure 


Nuclear Regulatory Commission 
Harold Denton, Director, Government and Public Affairs 
Stuart A. Treby, Assistant General Counsel for Rule Making and Fuel Cycle 
Joseph F. Sento, Acting Assistant General Counsel for Hearings 


Hans B. Schechter, Senior International Relations Specialist, Office of International Programs 


Congressional Research Service 
Warren H. Donnelly, Senior Specialist 
Robert L. Civiak, Head, Advanced Technology Section, Science Policy Research Division 
Carl E. Behrens, Head, Fuels and Mineral Section, Energy and Natural Resources Division 
Francis T. Miko, Specialist in International Relations, Foreign Affairs & National Defense Division 


Mark Holt, Energy Policy Analyst 


U.S. Council for Energy Awareness 
Harold B. Finger, President and Chief Executive Officer 
Bill Harris, Senior Vice President 
Paul Turner, Vice President, Industry Communications and Publications 
John R. Siegel, Vice President, Technical Programs 
Carl A. Goldstein, Vice President, Media and Public Relations 


U.S. Public Interest Research Group 
Kathleen Welch, Energy Policy Coordinator 
Ken Bossong, Critical Mass Energy Project 


House of Representatives Subcommittee on Energy and Power 
Sue Sheridan, Counsel 
Tom S. Runge, Counsel 
Pat Davis, Counsel, Nuclear Regulatory Commission 
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American Nuclear Energy Council 
Edward M. Davis, President 


John T. Conway, Chairman and Executive Vice President, Corporate Affairs, 
Consolidated Edison Company of New York, Inc. 


Andrea Dravo, Vice President, Strategic Planning 
Kevin Billings, Vice President, Government Affairs 


Diane Holmes, Director, Development 


Duke Power Company 


K.P. Lau, Congressional Affairs Specialist, Design Engineering Department 


Committee Travel in Ottawa Area, May 26, 1988 


AECL Radiochemical Company, Kanata 
Paul O'Neill, President 
David Drummond, Manager, Isotope Quality Control 
John Worswick, Manager, Cobalt Operations 
Jeff Norton, Manager, Cobalt Operations 


AECL Medical Products Division, Kanata 
Frank H. Warland, Vice-President 
Peter E. Habgood, General Manager, Manufacturing 
Robert L. Wolff, General Manager, Service, Technology, Human Resources and Administration 
Steve R. Lee, Director, Sales 


SENSYS, Nepean 
Philip Campbell, General Manager 
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Appendix D 


Abbreviations and Acronyms Used in the Report 


AEC 
AECB 
AECL 
AGR 
ANDRA 


ANEC 


Bq 
BWR 


CANDU 
CANDU-BLW 
CANDU-OCR 
CANDU-PHWR 
CEA 

CEA 

CERN 

CGE 

CLAB 

CNA 

CRNL 


DOE 
ECCS 


EdF 
EIA 


~ EMR 


EPA 
EURATOM 


FBR 
FRG 


GCR 
GGCR 


HTR 
HWP 
HWR 


IAEA 
INPO 


KSU 


Atomic Energy Commission (United States and Japan) 

Atomic Energy Control Board 

Atomic Energy of Canada Limited 

advanced gas-cooled reactor 

Agence Nationale pour la gestion des Déchets Radioactifs (National Radioactive 
Waste Management Agency, France) 

American Nuclear Energy Council 


becquerel (unit for measuring radioactivity) 
boiling water reactor 


CANada—Deuterium—Uranium 

CANDU boiling light water reactor 

CANDU organically-cooled reactor 

CANDU pressurized heavy water reactor 
Canadian Electrical Association 
Commissariat a I'Energie Atomique (France) 
European Organization for Nuclear Research 
Canadian General Electric Company 

central interim storage facility for spent nuclear fuel (Sweden) 
Canadian Nuclear Association 

Chalk River Nuclear Laboratories 


Department of Energy (United States) 


emergency core cooling system 

Electricité de France (France) 

Energy Information Administration (United States) 
Energy, Mines and Resources, Department of 
Environmental Protection Agency (United States) 
European Atomic Energy Community 


fast breeder reactor 
Federal Republic of Germany 


gas-cooled reactor 
graphite-moderated gas-cooled reactor (French GCR) 


high-temperature reactor 
heavy water plant 
heavy water reactor 


International Atomic Energy Agency (Austria) 
Institute of Nuclear Power Operations (United States) 


Karnkraftsakerhet och Utbildning AB (Swedish Nuclear Training and Safety Centre) 


KWU 


LMFBR 
LWGR 
LWR 


MWe or MW 
MWt 


NBEPC 
NEA 
NEB 
NEI 
NGS 
NIAC 
NPD 
NRC 
NRU 
NRX 
NWPA 


O&M 
OECD 


PHWR 
PTB 


PWR 
R&D 
RBMK 
R,D&D 
RCC 
RWE 


SFR 
SKB 


SKI 
SKN 
Skr 

SSI 
THTR 
USCEA 
WNRE 


Zee 
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Kraftwerk Union (West Germany) 


liquid-metal-cooled fast breeder reactor 
light water graphite-moderated reactor 
light water reactor 


megawatts (electrical) 
megawatts (thermal) 


New Brunswick Electric Power Commission 
Nuclear Energy Agency (of the OECD, France) 
National Energy Board 

Nuclear Engineering International (United Kingdom) 
Nuclear Generating Station 

Nuclear Insurance Association of Canada 
Nuclear Power Demonstration 

Nuclear Regulatory Commission (United States) 
National Research Universal 

Nuclear Research Experimental 

Nuclear Waste Policy Act (United States) 


operating and maintenance 
Organisation for Economic Co-operation and Development 


pressurized heavy water reactor 

Physikalisch-Technische Bundensanstalt (Physical-Technical Agency, 
West Germany) 

pressurized (light) water reactor 


research and development 

Reactor Bolche Molchnastie Kipiache (Soviet LWGR of Chernobyl type) 
research, development and demonstration 

Radiochemical Company 

Rheinisch—Westfalisches Elektrizitatswerk (West Germany) 


final repository for reactor waste (Sweden) 

Svensk Karnbranslehantering AB (Swedish Nuclear Fuel and 

Waste Management Company) 

Statens karnkraftinspektion (Swedish Nuclear Power Inspectorate) 

Statens karnbranslenamnd (Swedish National Board for Spent Nuclear Fuel) 
the Swedish unit of currency, the krona 

Statens stralskyddsintitut (Swedish National Institute of Radiation Protection) 


thorium high-temperature reactor 
U.S. Council on Energy Awareness 
Whiteshell Nuclear Research Establishment 


Zero Energy Experimental Pile 
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Appendix E 


Terminology 


The definitions in this and the following section on terminology are taken, with minor modifications, from 
the NEB report Electric Power: A Compendium of Terms, \nformation Bulletin 8, May 1985; from the 
Ontario Hydro report Meeting Future Energy Needs: Draft Demand/Supply Planning Strategy, Report 666 
SP, December 1987; and from the World Energy Conference report Energy Terminology, 2nd Edition, 
Pergamon Press, 1986. 


Terminology: Electric Power Systems 


Acid rain: A general term describing precipitation in any form that has been acidified by the presence of 
atmospheric pollutants, primarily the oxides of sulphur and nitrogen. 


Alternating current: An electric current that flows alternately in one direction and then in the reverse 
direction. In North America, the standard for alternating current is 60 complete cycles per second; 
such electricity is said to have a frequency of 60 hertz. Alternating current is used in almost all aspects 
of power systems because it can be transmitted and distributed much more economically than direct 
Current. 


Alternative energy/technology: Energy sources or technologies which are not yet widely used, as 
opposed to "conventional" energy/technology. The term usually refers to renewable energy sources 
and small, decentralized installations. Examples are photovoltaics, solar heating, wind power and 
waste-fueled electrical generation. 


Assured system capacity: The dependable power-generating capacity of system facilities available for 
serving system load after making provision for required reserve generation, including the effects of 
agreements with other systems. 


Asynchronous tie: A direct-current interconnection between two alternating-current systems, so-called 
because the two systems need not be in synchronism with each other. 


Average energy: The energy which would be generated by the hydro-electric stations in a river system 
under average streamflow conditions. 


Average streamflow: The arithmetic average of all recorded flows in a river over a specified period of time, 
usually measured on an annual basis. 


Avoided cost: The cost which would be incurred by an electric utility in providing new generating capacity if 
the utility were to provide the power itself instead of purchasing it from an independent generator. 


Base load: The minimum continuous load over a given period of time. 
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Base-load generating station: A generating station which is normally operated to supply all or part of the 
base load of a system and which consequently operates at full output whenever available. Base-load 
generating units tend to be large units with low operating costs. 


Bulk electricity system: The generation and high voltage transmission facilities (generally 115 kilovolts and 
up) considered as a whole. 


Bus: A set of electrical conductors that serves as a common connection for two or more circuits. A bus may 
be in the form of rigid bars ("busbars") or in the form of cables. 


Capability: The maximum load that a station or equipment is capable of carrying under specified conditions. 


Capacity: The rate of delivery of energy (for example, a utility might sell 50 megawatts of capacity or electric 
power); or 


The maximum quantity of power that a piece of equipment or a system is capable of carrying or 
supplying (for example, a generating unit might have a rated capacity of 50 megawatts). 


Capacity factor: For any equipment, the ratio of the average load during some period of time to the rated 
capacity of the equipment. Capacity is usually expressed as a percentage. 


Circuit: Any conductor or set of conductors intended to carry electricity. 


Circuit breaker: A switching device to open or close an electric power circuit during either normal system 
operation or fault conditions. 


Cogeneration: The combined production of electricity and useful heat (usually steam). 


Control centre: The control room from which instructions are issued for switching of power system 
equipment, stations or lines, and for changing the amount of power generated in power stations. 
Typically such a centre is equipped with remote controls, telemetering and computer facilities. 
Automated system maps indicate the operating status of generating units, transmission lines and main 
substation equipment. Metering devices show the loads being carried by units and lines, and the 
voltage levels at selected locations. Thus the system supervisor is provided with a complete picture of 
the main features of the power system and can coordinate its operations. 


Converter station: An installation for converting direct current into alternating current, or for changing one 
frequency of alternating current to another. 


Current: The flow of electricity in a conductor. Current is measured in amperes. 


Demand: The desire of purchasers for electricity. "Demand" is often used synonymously with "power" 
which is the rate at which electrical energy is being delivered. 


Demand charge: The component of a two-part price for electricity which is based on a customer's highest 
power demand reached in a specified period, usually a month, regardless of the quantity of energy 
used. The other component of the two-part price is the energy charge. 


Demand management: Actions taken by a utility or other agency intended to influence the amount or 
timing of customers’ use of electricity. These actions can be divided into three groups: load growth, 
load shifting and load reduction. 
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Dependable capacity: The load-carrying ability of a station or system under adverse conditions, as for 
example, the capacity of a hydro-electric station under defined low-flow conditions. 


Direct current: Current that flows continuously in one direction (as opposed to an alternating current). The 
current supplied from a battery is direct current. 


Direct current transmission: Transmission of electricity by direct current instead of the usual alternating 
current. Direct current has certain advantages for long-distance point-to-point transmission and for 
interconnecting power systems that would otherwise be unstable if an attempt were made to tie them 
together by alternating current transmission. There are four high-voltage dc installations in service in 
Canada: (1) the Vancouver Island underwater transmission link; (2) the Nelson River (Manitoba) 
overhead transmission line; (3) the Eel River (New Brunswick) asynchronous tie; and (4) the 
Chateauguay (Quebec) asynchronous tie. 


Distribution system: The lines, transformers, switches, etc. used to distribute electricity over short 
distances from the transmission system to customers. Distribution generally takes place at relatively 
low voltages (44 kilovolts and less). 


Economy energy: Energy sold by one power system to another to effect a saving in the cost of generation 
when the receiving utility has adequate capability to supply the loads on its own system. 


Electrical utility: An organization that has as its prime purpose the generation, transmission and/or 
distribution of electric energy for sale. 


Electro-technology: A technology that uses electricity in its processes, especially new technologies used 
to displace other energy sources. An example is the use of electrically-driven heat pumps for kiln 
drying wood, in place of air heated by on-site fuel combustion. 


Energy charge: The component of a two-part price for electricity that is based on the amount of energy 
taken. The other component of price is the demand charge. 


Extra high voltage (EHV): Any transmission voltage higher than those commonly used. The utility industry 
has generally considered EHV to be 345 kilovolts (kV) or higher, although such voltages are 
becoming increasingly common. 


Firm power: Electric power intended to be available at all times during the period of the agreement for its 
sale. 


Forced outage rate: The probability that a particular generating unit or other system component will be 
unavailable for service because of breakdown. 


Fuel replacement energy: Energy sold by one utility to another to enable the purchaser to avoid burning 
fuel in its own thermal generating facilities. Fuel replacement energy is typically priced at a percentage 
of the fuel cost avoided by the purchasing utility. 


Generating station: A station comprising one or more generating units for the production of electricity. The 
main types of generating stations are hydro-electric, nuclear-electric and fossil-fueled (by coal, oil or 
natural gas). In some parts of the world, such as The Geysers region of California, geothermal-electric 
power is becoming an important element in generating capacity. 


Generating unit: An electric generator, the prime mover that drives the generator, and all the associated 
equipment that must be operated together as a group to generate electricity. A generating unit can 
usually operate independently of other units at a multi-unit station. 
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Generation rejection: Disconnecting selected generating units from a power system to preserve the 
continuing safe operation of the rest of the system. This action is sometimes taken if a large block of 
load has suddenly been cut off by some emergency, leaving generators feeding into the system 
without enough connected load to absorb their output. The units would otherwise overspeed, raising 
the frequency and voltage on the system to unacceptable levels. 


Grid: A network of electric power lines and connections. 


Head (hydraulic): The difference in elevation between the water level immediately above a hydro-electric 
generating station and the water level immediately below it. The power output of the station is 
proportional to the hydraulic head. 


Heat rate: A measure of generating station thermal efficiency, generally expressed as British thermal units 
per net kilowatt-hour. It is computed by dividing the total heat (Btu) content of the fuel burned by the 
resulting net kilowatt-hours of electricity generated. In metric units, the heat rate is expressed as 
kilojoules per kilowatt-hour. 


Hertz: The unit of frequency for alternating current, formerly given in cycles per second. The standard 
frequency for power supply in North America is 60 hertz. 


High tension: Any voltage in excess of 750 volts. 
Hydro-electric station: An electric generating station in which the prime movers are hydraulic turbines. 


Incremental generating cost: The cost of generating one additional unit of electric energy above some 
previously determined base quantity. 


Independent (private) generation: Generation owned or operated by producers other than a utility. These 
producers usually have generating plants for the purpose of supplying electric power required in their 
own industrial and commercial operations. The term also covers private plants whose sole purpose is 
the sale of electricity to a utility. 


Installed (generating) capacity: The capacity measured at the output terminals of all the generating units in 
a Station, before deduction of station service requirements. 


Integrated planning: Joint planning by different power systems in order to minimize total costs. Integrated 
planning is one characteristic of a true power pool. 


Interconnection agreement: An agreement made between two power utilities to govern the operation of 
interconnections between their systems. Typically such an agreement defines different classes of 
inter-utility electricity transfers and specifies how they shall be priced between the two companies. 


Interconnected system: A system consisting of two or more individual power systems connected together 
by tie lines. 


Interruptible energy: Energy made available under an agreement that permits curtailment or interruption of 
delivery at the option of the supplier. 
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Inter-utility transfer: A transfer of electric power between two or more electrical utilities. The NEB Part VI 
Regulations define five classes of inter-utility transfer. These are: 


(1) Adjustment transfer: A transfer of electric power or energy made: (a) to adjust an energy account 
balance; (b) to compensate for electrical losses; (c) to compensate for services rendered; (d) to 
deliver output entitlements; or (e) to provide upstream or downstream benefits. 


(2) Carrier transfer: A transfer of electric power or energy by one utility over the circuits of another, for 
delivery either to a third party or back to the originating utility. 


(3) Equichange transfer: An interchange of equal quantities of electric power or energy within a 
stated period. 


(4) Sale transfer: A transfer of electric power or energy under a contract of sale. 


(5) Storage transfer: An electric energy transfer "banked" for the time being in the form of water in 
the reservoir space of another electrical utility, in the expectation that equivalent electric energy 
will be returned at a later time. 


Isolated system: An electric power system not interconnected with any other system (such as the Northern 
Canada Power Commission). Isolated systems are usually of relatively small capacity. 


Licence: A licence to export electricity from Canada, issued under Part VI of the National Energy Board 
Act, following a public hearing. A licence is subject to the approval of the Governor in Council. 


Load: A curve for a specified period (Such as a day, month or year) showing the amount of time during that 
period that the power load exceeded different values or different percentages of the maximum value. 


Load curve (shape): The pattern of electricity use or production when demand is plotted against time. 


Load factor: The ratio of the average load during a designated period to the peak or maximum load in that 
same period, usually expressed as a percentage of the peak load. The annual load factor for the entire 
Ontario Hydro system is about 68%. 


Load rejection (load shedding): Interrupting the supply of electricity to a selected region or group of 
customers as a means of preserving the continuing safe operation of the remainder of a power 
system. This action is sometimes taken in an emergency when the total system load exceeds the the 
Capacity of the generation available to supply it. 


Load shifting: Shifting electrical demand from one period to another, usually from high-load to low-load 
periods. 


Locked-in energy: Energy production capability at a generating station which cannot be used because of 
inadequate transmission capability connecting the generating station to the load. For example, part of 
the generating capacity of the Bruce Nuclear Generating Station is locked in. 


Losses: Energy or power lost in circuits or equipment, mainly in the form of heat, when current flows 
through the circuit. 


Marginal cost: The cost of supplying an additional unit of output. When the extra unit of output can be 
supplied simply by increasing production from the existing plant, it is usually specified as the 
"short-run marginal cost" or "incremental cost"; when new plant is required to supply the additional 
production, it is usually termed the "long-run marginal cost". 
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Marginal cost pricing: A rate structure in which prices are set at the cost of the last (marginal) unit of 
production, rather than at cost of production averaged over all output. 


Mothball: To take equipment that is surplus to current needs or that has reached the end of its normal life 
and retain it in a preserved state. Mothballed equipment is not available for immediate use but can, 
with preparation, be resurrected for future use. 


Name-plate rating: The full-load continuous rating of a generator or other electrical equipment under the 
conditions designated by the manufacturer, as indicated on the name plate attached to the device. 


Outage: The state of any circuit component when it is not available to perform its intended function 
because of some event associated with that component. An outage may or may not cause an 
interruption of service to customers, depending on the layout of the system. 


Parallel power: Independent generation which is linked to and synchronized with the bulk electricity 
system. 


Peak demand: The maximum load consumed by a customer, group of customers or by the entire system in 
a stated period of time, such as a year. 


Peak period: Periods during which relatively high demands are placed on an electrical system, as opposed 
to off-peak periods. 


Peaking unit: A generating unit intended to be operated intermittently to supply peak loads. 


Power pool: A grouping of two or more interconnected electric systems planned and operated to supply 
power in the most reliable and economical manner for their combined load requirements. 


Power system: All the interconnected facilities of an electrical utility. A power system includes the 
generating stations, transformers, switching stations, transmission lines, substations, distribution 
lines, and circuits to the customers’ premises; that is, all the facilities required to provide electrical 
services to the customers. 


Primary energy source: The source of primary energy from which electricity is generated, including falling 
water, uranium (by nuclear fission), coal, oil, natural gas, wind, biomass, direct solar radiation, 
geothermal energy and tidal energy. 


Prime mover: The turbine or engine that drives an electrical generator. 


Pumped storage: An arrangement in which water is pumped from a lower to a higher reservoir, during 
off-peak hours. During peak hours, the water is allowed to return to the lower reservoir through 
hydro-electric turbines, thus generating power. Usually the turbines are reversible so that they can 
also serve as the pumps in the system. 


Renewable energy source: A source of energy which is inherently self-renewing, such as the various 
manifestations of solar energy (water power, biomass, wind energy, direct solar radiation, wave energy 
and ocean currents), tidal energy and geothermal energy. 


Reserve (generating) capacity: The extra generating capacity required on any power system over and 
above the expected peak load. Such a reserve is required for two main reasons: in case of the 
unexpected breakdown of generating equipment; and in case the actual peak load is higher than 
forecast. 
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Right-of-way: The strip of land on which a power line is located, and on which the power company has 
acquired the legal right to perform construction and maintenance, to restrict the growth of vegetation, 
and sometimes to restrict construction by other parties. The width of the right-of-way varies with line 
voltage. 


Run-of-the-river plant: A hydro-electric generating station having negligible capacity for the storage of 
water, so that the plant has to run on the natural flow of the river. The output of the plant may therefore 
be subject to considerable variation. 


Scheduled maintenance: Maintenance of equipment performed in accordance with a prearranged 
schedule. 


Seasonal diversity: The diversity between loads that reach their maximum values at different seasons of 
the year. For example, most Canadian power systems experience their annual peak loads in the 
winter, whereas many U.S. systems have their annual peaks in the summer because of air 
conditioning. Systems that differ in this way can effect economies of scale by exchanging energy ona 
seasonal basis. 


Service area: The area within which a utility is required, or has the right, to serve consumers. 


Short-term power: Power and associated energy which one utility purchases from another for the purpose 
of obtaining a supply of power intended to be available at all times during the period covered by the 
commitment. 


Social benefits: Benefits, whether tangible or intangible, resulting from a project. Social benefits are 
distinguishable from private benefits in that they include all the benefits of a project, whether or not 
they accrue to project sponsors. 


Social costs: Costs or damages, whether tangible or intangible, which a project causes to be imposed. 
Social costs are distnguishable from private costs in that they include all the costs of a project incurred 
by all citizens rather than those only incurred by the project sponsors. 


Spinning reserve: That portion of the reserve generating capacity which is actually in service, connected to 
the system, spinning (but not generating full power), and which is ready to pick up load automatically at 
a moment's notice. 


Split savings: A widely-used formula for the pricing of energy, especially economy energy sold by one 
utility to another, in which the total saving resulting from a sale is split equally between buyer and 
seller. 


Stability: The ability of power systems to remain in synchronism. 


Station service: The electricity required at a generating station to run the auxiliary plant plus the capacity 
represented by the losses in the generator transformers. 


Storage: The water held in a reservoir. Storage is used to even out the natural variations of flow in a river, 
so that the ouput of hydro-electric generation can be made as independent as possible of such 
natural variations. 


Strategic conservation: Efficiency improvements which would not be undertaken by customers based only 
on the value of the savings available to them. Additional financial or other incentives, or the removal of 
barriers by the utility or by government, are required to promote the conservation initiative. 


iz 


Substation: A station at which the voltage of the bulk power system is stepped down to a level suitable for 
distribution, and at which the feeders at this lower voltage originate and may be switched on or off. 


Sulphur dioxide: A heavy, odourless, suphocating gas with the chemical formula SOo. It occurs in the flue 


gases emitted from furnaces where fuel is burned, including thermal generating stations. Combining 
with water vapour in the atmosphere, and in the presence of sunlight, it produces sulphuric acid and 
together with other acids leads to the phenomenon of acidic precipitation. 


Summer peak: The highest load on a power system during the summer, usually caused by air conditioning 
in hot weather. 


Superconductor: An electrical conductor offering negligible resistance to the flow of electricity. 


Surplus energy: Energy that is surplus to the needs of its owner, including both load and reserve. Surplus 
energy can be produced whenever the total generating capacity exceeds the total load, and is often 
sold on an interruptible basis. 


Switching station: A station at which the transmission lines of a power system can be selectively connected 
or disconnected by means of switchgear. 


Synchronism: The condition of alternating current generators being "in phase”; that is, timed so that their 
voltage waves reach the maximum and minimum values at exactly the same instant. This is an essential 
condition in order for alternating current generators to operate on the same system. 


Synchronous tie: Any alternating current tie line. All generating units interconnected by the tie must be in 
synchronism. 


Thermal generating station: An electric generating station where the prime movers are driven by gases or 
steam produced by burning fuels (such as coal, oil, gas, wood or refuse) or by nuclear processes. 


Time-of-use (time-differentiated) rates: Rates which vary based on the time of day, day of the week, or 
season of the year. 


Transformer: An electromagnetic device for raising or lowering the voltage of alternating current electricity. 


Transmission line: A line used for the transmission of electric power at high voltage. Transmission lines may 
be constructed overhead, underwater or underground. Lines of voltage less than 115 kilovolts are 
usually considered to be subtransmission or distribution. 


Transmission system: Lines, transformers, switches, etc. used to transport electricity in bulk from sources 
of supply to other principal parts of the system. Transmission is generally at voltages of 115 kilovolts 
and above. 


Turbine (hydraulic): A rotary type of prime mover in which mechanical energy is produced by the force of 
water, steam or gas directed against blades fastened to a rotating shaft. 


Ultra high voltage (UHV): Any voltage in excess of approximately 1,000 kilovolts. 


Voltage: The electrical force, measured in volts or multiples of volts (e.g. kilovolts) that causes a current to 
flow in a circuit. In North America, the standard voltage for residential use is 115 volts, with 230 volts 
used for heavy appliances such as ranges, dryers and hot water heaters. Voltages used for urban and 
rural distribution range from about 4 kV to 44 kV. The most common transmission voltages are 115, 
132, 230, 345, 500 and 735 kV. The higher the voltage, the more power a transmission line can carry. 
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Wheeling: The transmission of power belonging to one utility through the circuits of another utility, for 
delivery either to a third party or back to the originating system. 


Winter peak: The highest load on a power system during the six-month period October to March. In 
Canada, the winter peak almost always occurs in December or January. 


Terminology: Nuclear Power 


Actinides: A series of elements with atomic numbers of 89 or above and with similar chemical properties. 
The series includes such naturally occurring elements as thorium and uranium, together with the 
induced "transuranic" elements such as plutonium and americium. Among their isotopes are 
long-lived alpha emitters which must be taken into account in radioactive waste disposal. 


Boiling water reactor: A reactor in which water is used as coolant and moderator and allowed to boil in the 
core. 


Breeder reactor: A reactor which produces a fissile substance from a fertile substance, in greater quantity 
than the fissile substance being consumed in reactor operation (that is, with a conversion or 
"breeding" ratio greater than one). 


CANDU: A family of nuclear fission reactors developed in Canada that uses natural uranium as the fuel and 
heavy water as the moderator and coolant. 


Coolant: A liquid or gas circulated through or around the core of a reactor to remove heat. 

Critical: A reactor is said to be "critical" when the rate of neutron production is exactly equal to the rate of 
neutron disappearance; that is, when the neutron multiplication factor equals one. If the multiplication 
factor exceeds one, the reactor is "supercritical"; if the factor is less than one, the reactor is 
"subcritical". 


Critical mass: The minimum mass of fissile material with a specified configuration, material composition and 
environment that can sustain a critical chain reaction. 


Emergency shutdown (scram): The act of shutting down a reactor suddenly to prevent or minimize a 
dangerous condition. 


Enriched uranium: Uranium in which the percentage of the fissionable isotope uranium-235 has been 
increased beyond the 0.71% share that it comprises of naturally occurring uranium. 


Fast reactor: A reactor in which nuclear fission is induced predominantly by fast neutrons. 


Fertile material: Isotopes capable of being readily transformed, directly or indirectly, into fissionable material 
by the absorption of neutrons (particularly uranium-238 and thorium-232). 


Fissile material: Nuclides readily fissioned by slow neutrons (for example, uranium-235, uranium-233, 
plutonium-239 and plutonium-241). 


Fission energy: The energy released when an atom is split. 


174 


Fission products: Nuclides produced either by fission or by the subsequent radioactive decay of the 
nuclides thus formed. 


Fuel cycle: The sequence of steps — such as fuel fabrication, utilization, reprocessing, refabrication and 
reutilization — through which nuclear fuel may pass. 


Fuel inventory: The total amount of nuclear fuel invested in a reactor, a group of reactors or an entire fuel 
cycle. 


Fuel reprocessing: The processing of nuclear fuel after its use in a reactor, to remove fission products and 
recover fissile and fertile material. 


Gas-cooled reactor: A reactor in which a gas is used as coolant and graphite as moderator. The gas-cooled 
reactor, sometimes referred to as the "Magnox" type, uses natural uranium; the "advanced gas-cooled 
reactor" (AGR) and the "high-temperature gas-cooled reactor" (HTGR) require enriched fuel. 


Half-life: The time taken for half of the atoms in a radioactive substance to spontaneously disintegrate, and 
hence for the activity to decay to half of its original value. 


Heavy water: Deuterium oxide or DO. Heavy water is water in which the hydrogen atom is represented by 


the hydrogen isotope deuterium. It is used in an essentially pure state as both moderator and coolant 
in the CANDU reactor system. 


Heavy water reactor: A reactor that uses heavy water as the moderator. The coolant may be gas, light water 
or heavy water (as in the CANDU system). Depending on the type, the fuel may be either natural or 
enriched uranium. 


Isotope: Nuclides having the same atomic number but different masses (mass being proportional to the 
total number of protons and neutrons in the nucleus). For example, the element hydrogen, atomic 
number 1, can occur in three isotopes: common hydrogen or protium (with one proton in the 
nucleus); deuterium (with one proton and one neutron); and tritium (with one proton and two 
neutrons), which is unstable. 


Light water reactor: A reactor in which ordinary (light) water serves as coolant and moderator. The BWR and 
PWR are examples of light water reactor systems. 


Moderator: A material used to reduce neutron energy (that is, to produce "slow" or thermal neutrons) by 
scattering and slowing without excessive neutron capture. 


Natural uranium: Uranium with the naturally occurring mixture of isotopes (99.28% fertile uranium-238, 
0.71% fissile uranium-235 and 0.006% uranium-234). 


Nuclear fission: The division of a heavy nucleus into two (or, rarely, more) parts, usually accompanied by 
the emission of neutrons, gamma radiation and energy release. 


Nuclear fuel: A substance containing one or more fissile nuclides capable of maintaining a chain reaction in 
a reactor. The term may also be used to include a substance containing one or more fertile nuclides 
that can be transmuted into such fissile nuclides. 


Nuclear power: Power generated at a station where the steam to drive the turbines is produced by the 
process of atomic fission, rather than by burning a combustible fuel. 
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Nuclear (fission) reactor: A device in which a self-sustaining nuclear fission chain reaction can be 
maintained and controlled. The term "nuclear reactor" is sometimes applied to a device in which a 
nuclear fusion reaction can be produced and controlled (fusion reactor). 


Nuclide: An individual atomic species. Deuterium and tritium, although they are both isotopes of 
hydrogen, are two different nuclides. 


Power reactor: A nuclear reactor whose primary purpose is to produce energy. Reactors in this class 
include electric power reactors, heat-producing reactors (producing heat for industrial processing, to 
supply district heating systems, etc.), and propulsion reactors in nuclear-powered surface vessels and 
submarines. 


Radioactive waste: Unwanted radioactive materials obtained in the processing, handling or utilization of 
radioactive substances. Such wastes may be classified according to their degree of activity or to their 
half-lives, as follows. 


A. According to the radionuclide content: 
high-level waste: the highly radioactive liquid separated during the chemical reprocessing of 
irradiated fuel; or irradiated reactor fuel if it is not foreseen that the spent fuel will be 


reprocessed; or any other waste with a comparable radioactivity level. 


intermediate-level waste: waste of a lower radioactivity level than high-level waste, but which still 
requires shielding during handling. 


low-level waste: waste which does not require shielding during normal handling because of its 
low radionuclide content. 


B. According to the half-life of the radioactive waste: 


long-lived waste: waste that will not decay to an acceptable activity level in a period of time 
during which administrative controls can be expected to last. 


short-lived waste: waste which will decay to a level considered to be insignificant from a 
radiological viewpoint, in a time period during which administrative controls can be expected to 
last. In some jurisdictions, radionuclides with a half-life of less than 30 years are considered to 
fall into this category. 


Radioactive waste management: All activities, administrative and operational, that are involved in the 
handling, treatment, conditioning, transportation, storage and disposal of radioactive waste. 


Radioactivity: The property of certain nuclides of spontaneously emitting particles or gamma radiation from 
their nucleus, of undergoing spontaneous fission, or of emitting X-radiation. 


Thermal reactor: A reactor in which fission is induced predominantly by thermal or "slow" neutrons. 
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Pursuant to Standing Order 99(2), the Committee requests that the Government 
table a comprehensive response to its report. 


A copy of the relevant Minutes of Proceedings and Evidence of the Standing 


Committee on Energy, Mines and Resources (/ssues Nos. 29, 30, 31, 32, 33, 34, 37, 
38, 39, 40, 41, 42, 47 and 48, which includes this report), is tabled. 


Resp lly submitted, 


LAO. 


BARBARA SPARROW 
Chairman 


LEX Ts) Issue No. 48 
MINUTES OF PROCEEDINGS 


TUESDAY, June 21, 1988 
(76) 


The Standing Committee on Energy, Mines and Resources met in camera at 
8:20 o'clock a.m., in Room 306 West Block, this day, the Chairman, 
Barbara Sparrow, presiding. 


Members of the Committee present: Paul Gagnon, Len Gustafson, Russell 


MacLellan and Barbara Sparrow. 
In attendance: Dean Clay, Consultant; Lawrence Harris, Researcher. 
The Committee resumed consideration of its draft report. 


Agreed, - That the draft report be adopted as the Committee's Tenth 
Report to the House and that 3,500 extra copies be printed with a special 
cover, 


Agreed, - That the Committee engage the services of an editor for the 
French version of the report. 


Agreed, - That the Committee seek an Order of the House empowering it 
to table its Tenth Report with the Clerk of the House if the House is 
adjourned for the summer. 


At 9:40 o'clock a.m., the Committee adjourned to the call of the 
Chair. 


Eugene Morawski 
Clerk of the Committee 


LySMeuOW auabny 


9710) np Jatjjeub 27 


*aquaplsaud 
BL ap UOLYeIOAUOD aL eAnou e,Nbsn£ auunofe,s ajLwod at “Op 46 Y 


= 


*agbou0ud 4Sa,S Ld-a],[99 
LS auqueyy e| ap valjsjaub a, Zayo quoddeu awaLtxiq uos yasodap ap jue jawed 
LN| @upyo un auquieyu) e| ap auUalygoO azLWOD a, ant) - SnuaAuod 4S—a |] 


*quoddeu np astedueuj UOLSUaA BL snod 
JnajLpa un,p SadLAuaS Sa, dUUaLyay | zLWOD a, anh - ‘nuaAuoOd 4sSe |[T 


*aLteLoads aunquaanod aun,p sLunw ‘quoddeu 4Lpnp 
SduLe[dwaxa OOS € Saul} JUaLOS anb yo Sauquiey) e, e azLWwod np quoddeu awalxiq 
anb qyuez ua aydope 3410S quoddeu ap yafoud a, anh - Snuaduod 4soa [] 


*quoddeu ap yeafoud uos ap apnya,| puaudau 9 zlWod a7 


*9YdUaUIAU 
ap gyoeiqe *SluueH aduauMe] Sua,[Lasuod ‘fe, ueaqg :Squasaud issny 


*MOUUedS BuRqueg ja ue| La Tey 
LLassny S‘uosyeysn9 ua Suoubey [neg :SyUasaud 9}LWOD Np Seuquay 


*(aquapLtsaud) *Mouueds euequeg ap aduapLsSaud eR, snos *4sanQ, | 
Op 9LsLP9,_ ap 9OE adgid e, suep “OZ Y Be iny,punofne ‘solLd siny e yLuNau 
aS SaduNOSSeu Sap ja SaulW Sap SaLlbuaua,| ap quauewWUad 9yLWO) aq 


(9/ 
8861 ulnl 12 Taw 37 
XNVEYIA $390Ud 


8b oW a[NoLose4 (NOTLONGVUL ) 


MOUAVdS VAVEAVA 


‘qjuapisaid DT 


‘sSIUINOS JUDWaSNonOadsay 


Wy, 


‘gsodap sa (140ddv4 29 yuanuos inb ‘Op ja Lp ‘Zr ‘IP ‘OP 
‘6£ ‘BE ‘LE “PE ‘EE ‘TE ‘TE ‘OF ‘67 soW Sapno1Isvf) sadINOSse1 Sap 39 SOUT sop ‘dIZIDU9,] 
9p jusueuod sUIOD Np saseusIOUId) 39 XNQIOA-S9D001g Sop dsilej|dwoxd up 


‘yaoddei juasaid ne ajeqo]3 ssuodai oun asodap JusuIDUI9ANO3 
3] onb opuewsp saw0oD 2 ‘jWawazay Np (Z7)66 BOVIe,] eB UOWIWIOJUOD 


CLC 


‘IS-Ip “d 
‘8861 [Aessrew ‘Cuisnpuy avajonN *«DYN 3y1 JO ainjiny sy : sdoososs1 ay) JapuQ» “Cy ‘OBIE 


‘7-1 “d ‘qgg6] [sae ‘uowurlysem ‘awpdy Ksuauq 
‘“«SOSSOT ON “SUIM €] © xOg IOT]egG oy2 Ie ABIOUq Iea]INNY» ‘ssousieMYy ABiauq uo jIOuNOD ‘s'n 


"e8861 “O'd 
‘uoysUIYyseA ‘UOMPT 986] : K84auq avajonn woaf And141901q ‘ssousiemy AZiauq uo jIOUNOD ‘S'A 


‘6L61 9190190 “aq ‘uOIsUTYSE MA 


‘uBWeYyD ‘Aquaway “Quyor ‘puvjsy aj aay mv mwapioy ayl uo UoOIssnuWwOD Ss.1uapisasd 
aul Jo 1oday ‘purys] a 914] I apINdy dy) UO UOISsSIWWOD S,lUapIsaig BU] ‘sIUA-s1IeIq 


bhe 


(Trl) 


(Or1) 


(6€1) 


(g¢1) 


“g1ep 
uou “Dd ‘uouUIYsEM ‘SITRJJY I]Qng pue eIUSWUIZAOH JO 391JjJO ‘7% “APY ‘6600-UH OAUNN 
‘WaayS 1904 : uOIssMMOoD A4101DjIN8ay 4avajONN ay] ‘UOISSIWWOD AlOINSay JeapNN ‘siup-sieiq 


"ERG Jotauel “O'q ‘uoIZUIYysE AM 
‘<JOY UOSIOPUY-dd1g» ‘Sey B1QNg JO 3jjJO ‘uUOISsIMWOD AlOje|NSdy JeIJONN ‘sTu/-S1eIq 


QL861 few ‘O'q ‘uourYysemM ‘«Ajayeg puke YIeIH Qn 199101g OL — UOISSI 
OUN” ‘SUeJJy BW[qng pue [eJUIWUIZAOH JO JdJJO ‘UOISsSIWWOD AlOJeINSIYy JesONN ‘slus-s1eIq 


"EL861 Noe “D'q ‘uOMUIYyseM ‘1S71-OFYNN 
Yuauwoy) 4of yviq :saiwig pau ay) ul sjuDjqg avajonNN jvIddawuWoD fo uoNnDvinsay 
Kiafog sof jkqousayD Iv quapiooy ay) fo suonvojdwy ‘uoisstwwosd Aloyeynsay JesaONN ‘siuy-sieiy 


"ES6l Tew “O'q ‘UOISUTYsE MM *«dISe AA 
sANdvoIpey jo jesodsiq» ‘sueJJW BW]qng Jo sdjjO ‘UOISSIUIWOT AlOJEINZay JIeIjINN ‘stuA)-sIeIq 


“IQZ6l SIBW OQ] “O'q ‘UOIUIYSEM ‘BuIyeWsjny pesodoig JO BdNON ‘Suaonposg 
4aMOd Iuapuadapuyl SulusaaoyH suonvjynsay ‘uoIsstMWOd AlJOJeEINSay AZIoUq jeJope4y ‘siup-siegq 


"A886 SHeW QO] “O’Gg ‘UOIUIYSEM ‘BUIyeWalNy pesodolg JO sd0N 
‘suvi801g Suippig B8uiusaa0y suonvjn8ay ‘uoisstwWwos AjoyeINsey ABiouq jesopoy ‘siuy-sieiq 


"EQQ6] SIBUI OT “D'q ‘UOIUIYsEM ‘BUIyYeWs[NyY pesodolg 
JO SONON ‘SamIP190DqY uUoNdaUUOD4aIUT puv ‘saniovy 8iudfijvnG 01 samog fo Sa]vS ‘siIsoD paploay 
Wing fo uonvunusaag aAnvasiunupy ‘uoIssiuWOD AloyeINSay ABIouyq jelapsy ‘siup-sieiq 


"8861 Joruel “O°q ‘uoISuIYyseM *1910-MUY/AOC ‘opysan 
‘vady luaudojaaag puv Yyodvasay vpvAaN ‘allS UIDIUNOW VIINA : MaIAdaAQ — UD]g VONDZI4aIIvADYD 
ang ‘yusmaseueW sISEAA SATIOVOIPEY URITIAID JO s01JO ‘ASJouq jo juounredaq ‘siup-sieig 


‘QL861 Jarauel “D'q ‘uoIuTYseEM ‘8Z710-MU/AO ‘uawpuawmy uvjg uoissiw 
Uforq ‘quawaseuRP dsISEAA SATIOVOIPEY UeITIAID JO ddJJO ‘Adiouq jo Juowyiedsq ‘siusy-s1eIq 


"PL861 
siquisaou “Dy q ‘UOIUIYSeEM ‘Z7SIO-MU/AOd ‘asvAA 4AvajINN Jada7y-ysi}y UO suonsanO 4nox 
O1 S4damsup “‘jUsWaseUL BISEAA DATIOVOIPEY URIIAID JO ad1JjO ‘ABd1auq jo JuawIedaq ‘sjuN-sieIg 


‘BL861 NOe “-O’q ‘UOIsUIYSEM 
‘(L8)9€bO-VIS/AOC ‘Z86] Stuawasmbay aj9kD Jang 4vajINN py4oM ‘Sjeny BWeuUIII}y pue d111001q 
‘INN ‘JeEOD jo sdjjO ‘uoneNsiulpy uonewsojuy ABisuq ‘AZ1ouq jo JuswIedag ‘slus-sieIq 


"9861 equiaidas “D'q ‘uOUIYseA\ ‘96P0-VIF/AOd 
‘C661 Ysnoayi suondafosag : apvdy AnI149a]q9 jouonvusaiuy--S'Q ‘sjen. seuUIayy pue s11199/q 
‘FIJNN ‘JeEOD Jo sIYO ‘uonensiupy uonewsojuy ASisuq ‘AZ19uq jo iuowjsedag ‘stur-sie1g 


‘JL861 9190190 “D'd 
‘uoisulysem “(98)8Lp0-VIS/AOC ‘886] Jonuuy Ausnpuy wmiuvs ‘sjanj seuseaity pue 91119919 
‘INN ‘VOD jo sdIJJO ‘uoNneNsiUlUpy uoNeWIOsUT ASIOUq ‘ASI9Uq jo JUsWIedeq ‘slur -s1e3g 


"JL861 4990190 “O'd 
‘uoysulyseA, “(98)8Lr0-VIE/AOd ‘9867 Jonuuy Ausnpuy wniuvsy ‘sjanj saeusaiy pue d1I991q 
‘WINN ‘eod jO sd1jjJO ‘uoNeNsiUIWpYy uUONeIOJU] AZIoUs ‘ASI9Uq JO JUoWIIedaq ‘sluyy-sierg 


Old 


(L€1) 


(9¢1) 


(S€1) 


(pel) 


(€€1) 


(Z€1) 


(1€1) 


(0€1) 


(671) 


(871) 


(L71) 


(971) 


(Sz1) 


(p71) 


(€Z1) 


'AL861 unt “D'q ‘uoiulyseAr “(S8)SSP0-SIA/AO “$867 SIUDId 214199779 
paicajag 40f sasuadxq uononpodg Jonuup puv 1s0D IWwovjg VI1401S1IH] ‘Sjan{ NeuUIayy pue 119919 
‘WeIJONN ‘JeOD JO sdIjjJO ‘uoneNsiulmpy uonewsojuy Asiouq ‘Ad1I9Uq JO JUoUNIedsq ‘sIu-sIeIq 


"PL861 siquiaidas 

“OG ‘uoiwurysem ‘(88)8rC0-VIF/AOC ‘986] JUNuUYy s4amog I141901q ‘sjon{ aeusay puke d1N1991 
‘IEIJONN ‘JeOD JO sdIJJO ‘uoneNsiulIMmpy uonNeWIOjJUT ASI9Uq ‘ASi9Uq JO JUsWIIedsq ‘sIU/)-S1eIq 
‘OL861 FAquiaaou “D'q ‘UO uIYse AA “(98)LLP0-VIF/AOM ‘Iuawssassy 

A1jigviAj 996] :Aaisnpuy sunny puv suuip wmiuvéQ Isawog ‘sjanj{ sBeUlayy pue d1NN001q 
‘weajonN ‘VoD jo sjjO ‘uoneNnsiuimpy uonewsojuy ASiouq ‘ASi9uq jo usw Iedsq ‘siu;-s}1e1q 
"QL861 doTTINE “O° ‘uourYyseM ‘(L8)8EPO-VIF/AOC ‘P140M 2y) 

puv saivig panuy ayi 40f si2adsosd : £96] 4aMOg AVAIINN [VIDAIWUWO ‘sjany syeUIay pue 91119914 
‘FIONN ‘JeOD Jo sO ‘uoneNsiuimpy uonewsojuy ABiouq ‘ASi9uq jo JusWIed|aq ‘sIus-sIe1q 
CL86I Tew “D'q ‘uoIsulyseM ‘(L8)pL0-VIS/AOM ‘0007 

ysnoay] suondalodg : £96] 4aMOdg 21419214 “§'Q 40f yoo)INE jYONuuy ‘sjanjz seUIaAI]YW pue 911}09|q 
‘WIJONN ‘JeOD JO sdjjJO ‘uoneNsiuimpy uonewsojuy Adisuq ‘ASiouq jo JUsWIIedIsq ‘sIU;)-sIeIq 
"S861 Siew “Od ‘UOISUTYseAA ‘11S0-VIS/AOd 

‘sso. 8unviadQ: WUvig 4s4amMog 4vajnN fo siskjoup up ‘sjanqy ajeuslay puy  91199]9 
‘WINN ‘eod Jo sO ‘uonensiulmpy uonewsojuy Asisuq ‘ASi9Uq JO JUSWIeddq ‘sIU/)-S1e1q 


‘6L6L ‘Ala1IN0 IeajINN ueIIowWYy 


"8861 Jolauel ‘o1iejuC ‘esnessissi ‘sow ‘epeued np snbiwoje o13190uq ‘QGQNVO 
uonenojdxg ‘suaisiuvy aladouoD ul jany iuads imi0g svj8nog ayi fo a8vaoig Kiq ans-uQ “A ‘ULL 


L861 ‘OWUOIOT ‘sUOS » 
Adin uyor ‘(pa) sauor ‘SW’ ‘s12adsoig puv k21]0g : 4aM0d 4AVAJINN Ul «epeueD» “AP ‘uoxsyL 


‘91ep UOU ‘W]OYYAI0IS ‘JA Uapams avajony~y ‘siopens snbiwoje wnio ‘apeans 


(9) a7ep sues ‘WyOYYxI0IS ‘7Vsodsig alsvAy 4vAajINN 
40f Anpiovg yoavasay punosssapun daaq YW : vdiais ‘qy BuliajuRYya|suBIquiey ysSuas ‘apens 


‘(q) 92ep UOU ‘WyOYYyD0IS ‘UAsIS S/W ‘Gy ZullajULYs|sUeIquIey YSUdAS ‘opens 


‘(e) o3ep uoU 
“WJOYxI0OIS ‘YAS — aisvpyy 4019vay sof Ksonsoday jvulg ‘Gy BulsajueYys|sueIquIey YSUdSAS ‘apens 


‘9861 “WJOYxI0IS “gyYTD — Jen 
4vajonnN wads sof Anpiovy a8vaoig wunsaquy joauad ‘qy BuliajUeYys|suRIquIRy ySUaAS ‘apens 


“S861 “WOYAI0IS ‘samansp ‘gy BulajUeYya|sueIquiey Ysuang ‘apens 
‘L861 ‘BuIdOyXAN ‘swaisks uonvsauIdU] asp, ‘JeIJONN ALAsSpnys ‘gy Yuyousi9uq yaspnys ‘apans 


‘L861 “WyOYxI0IS$ 
‘uonsa10dgd =uonvippy fo aiminsuy jouoNnvAY Ysipamg ay] ‘“yniysuIppAysyenNs suaieig ‘epens 


‘91ep uOU ‘WOYYAIOIS ‘samI1ANIp ANE 
JO uonvluasadg Y : aivsolzadsul 4amOg 4va]INN YSIpams 1yYS ‘puweusjsuReiquiey sudjieisg ‘apens 


602 


(721) 


(171) 


(071) 


(611) 


(S11) 


CT) 


(911) 


(S11) 


(p11) 


(€11) 


(Z11) 


(111) 


(O11) 


(601) 
(801) 
(L01) 


(901) 


(Sol) 


"GL 861 Tew ‘W]OYYxI0I¢S ‘saunsvpayw 4ayIC puv 1uaudojaaag ‘Yovasay auuvésodg 
p fO maiaay : any avajonny 1uads fo jvsodsigq puv iuawaspuvp ‘puureuajsueiquiey suayeis ‘apens 


"EL 86] SILU ‘WITOYYIOIS ‘Uapams ul a1svAA aANIvOIpYDY puv 
janq 4vajn~N iuads fo iuawasvuvp ayi uo stuawnoogq jvsa7 ‘puureuajsueiquiey suaieis ‘apens 


“LLOI ‘WyOYyyxI0I¢ ‘suondoC 
a4ning puv Ko10qg Assauq uo 140day yp : uomsuvsy ui K8aauq ‘aansedsoid ap ye11e191995 ‘apans 


“‘P861 “WOYHIS “S1:P86l I SC ‘voNvIsI3a7T 4vajINN) YsIpamg man ‘aLSNpu],| ep a1gISTUIW ‘spans 


“O86I ‘W]OYYAI0IS ‘C967 KyvN1GaJ UI paluasadd [1G luamuUsaa0y 
ay) fo hupmung py : do0g K8sauq ysipamg ay sof sauyapmy ‘ainsnpuy,| ep aiaisiurm ‘apans 


"8861 Jo14IAQJ “WOYYIONS *£86] — SWUd]q 4aM0g 4ADa]IINN 
ysipamg 10 aduaiaadxy sunvisadgQ fo Kkavwmung ‘qy sulupjiqiQ Yoo yYIsyxeEsyeIyUIeEYy ‘apens 


"L861 eW 17-8] ‘Youn ‘ajdA_D jan sy} jo pugq-y9eg sy snbojjoo ne sojuasaid uoNeoUNWIWOD 
‘<yovoiddy ysipamg ay, — luawasvuvpw = alsvAA. AvajONN = Bulziuvs8iCQ» = ‘JOIE.—s— ‘B.49q19POS 


“P86 yoTIN[ ‘emenoO ‘sow ‘epeued np onbiwoje a13190uq ‘QGQNVD uonenojdxy 
‘(1 *A24)87€9-1IDAV ‘AGNVO awaisks a] : vpvuvd nv aaiwajonu ajsaaue,T “TW ‘uosiiaqoy 


‘8861 
J3JAVJ ‘UISSY ‘/9/9O96] SIUNODIIp puv idoday jJVUNUUY ‘¥IOMSIEIIZIIYIIA sayosipejsaA-Yyosiursyy 


‘ajyepdn 
snid gg6] Jotuel ¢Z7 “D'q ‘uOIUIYsEM ‘«<JayIegG BujolIg 310A IOO]4» ‘UBIedWIeD UOSIApUYW-sd11g 


‘0861 
slew ‘emeuyo ‘enbiwoje 91919U9,] 9p 2]01]U09 9p UOISsIWWOD ‘EQ00-OANI ‘Kiafos NGNYD 4of 


suonvoyduy si puv iuapioop ayi fo maimay y — puvjs] ap aay] ‘jJaqdwey “yy 12 fg ‘[JouUeg 


‘DOQ6I ‘SIIed ‘S66] UA aDIA4aS 
ua Sasiul uogADY ND NO Saaivajonu Sajvaquad sap avd alnpodad 9311914192]9,] aP SINOD Sap uUoOISIAddd 
‘giregjonu s1s19u9,] 9p sduasy ‘sanbrwouo0ss UaWeddojsssp sap jo uONeIado00Od ap uUONesiUesIO 


“QO861 ‘sled ‘suondo 1a aduaidadxa ‘aIpv4dl aalvajINU a;qusnquiod np uonsay 
‘Quegjonu 31919U9,] ep asdUesy ‘sanbrwouoss jusWIaddojaAsp ap 1a UuOoNeIgdoOd ap UONeRsIURsICO 


"EQRHI ‘SlIed ‘S1N0D 1a SU1OSaq ‘911]1GQDSID.J : Sa4IDa]INU SUOND]]VISUI Sap 1uawassy}zeq 
‘Qulegjonu 91319U9,] op asouasy ‘senbiwou0ss juawaddojaaep sp 39 uOoNeIgd009 ap uOTesiuRsIO 


‘O861 J9IAIJ ‘OJUOIO]T ‘6-] SOUNJOA ‘SuIUUD]g 4aM0d I14192]q UO 
uoissiuwoy jvkoy ay fo 140day ayy ‘suluuel|g JaMOg 911309; UO UOISsIWWOD jeAOY ‘OlIeIUC 


"8/61 d1quiaidas ‘o1uDIUC U1 4aMOg 4D2]INN uo 
uoday widajuy : awiy isuims8py aovy p ‘BuluUe]g JaMOg 911193] UO UOISsIUIWOD [eAOY ‘o11RIUO 


“P8861 JeIAIJ 67 ‘OIUOIOT ‘IOUOISSIWIWOD ‘aIeH 
yJuUusy “4 ‘saxsuuy pue ywoday jeouyssy ‘IdIsIUIY 9Y} OF WOdSyY [| “JOA “Malay JVIIUYIAL 
puv o1fnuaing Y : S40190aY 4aMOd AvaIINN' S,o1dvIUC fo Kiafvs ay] ‘MaIAdy Alayes JeaPONN ‘o1ejUO 


‘98861 
JIJAIJ 67 ‘OJUOIO] ‘JaUOISSIWWIOD ‘aIePY YJoUUaY “4 ‘JoIsSIUI 9Yy} 0} Oday “malay JvOIUYIA] 
pup oifnuaing py : S40120aY 4aMOd AvAIINN S.o1dviuC fo Aiafvsg ay] ‘Mandy Ayayes IeIPNN ‘o1eUO 


80¢ 


(POI) 


(€O1) 


(ZO) 
(101) 


(001) 


(66) 


(86) 


(L6) 


(96) 


(S6) 


(p6) 


(€6) 


(76) 


(16) 


(06) 


(68) 


(88) 


(18) 


‘Q8861 J9LAgy 
6Z ‘OWUOIOL ‘MaIAdY Ajajes JeIONN oO1eIUG sy} 0} UOTSsSIUIQNS OIPAH{ OILIUO ‘“Maiday JYIIUYIAL 
puv 21fuaing Y : s4012vay 4amOd 4vaj}INN S,o14MIU_G fo Kiafvs ay] ‘MaiAdy Ajayesg JwesjINN ‘ouejUC 


"P8861 J91IAIJ 67 ‘OUOIOL “paywiyT epeuey 
jo ASisuq dWOIy Aq MalAdy Alajes sJeajNN O1eIUG 3Y} 0} UOISsIWIqnS YW “MaIMay JVOIUYIAL 
puv 91fnuaing yp : s40lnvay 4amog avajonpn, s,o1unluC fo Kiafog ayy ‘Mmaiady Ajajes seajoNN ‘OueIUC 


0861 ulnl ‘oyuOIOL “4oday jvUI.] — a1svAy 12aN4 4vaIINN| 
Juawmasvuvpy ay] ‘sey OIPAY O1eIUQ UO ds.azRITIWWIOD Wa]aIS ‘A[Qquiassy sATILISIZI] ‘OLIeIUO 


“IQQH] STEW 
QI ‘OWUOIO] ‘suOHEjaY eIPIW ‘<p 2? E SHU Bulssyxd1g 3e psdUNOUUY SUIQnIaYy» ‘OIpAH O1eIUC 


"A8861 J911A9} C] ‘OWUOIOL ‘suOne|ayY BIPIW 
‘«SI9QQNIIG SEO ploy JO} JUoUISSassy JeJUsWIUOMAUW swans oOIpAH OeIUO» ‘OIpPAH OLIRIUO 


‘QO861 ‘O]UOIOL ‘6-GON ‘aoualadxq SunviadQ NGNYD O4PAH O1dviuc ‘o1pAY O1seUO 


“L861 2Aqwas9p 
‘OJUOIOL ‘UOISIAIG BuIUUR]g Wa}sks ‘(sjJUaWINDOGg Arejusmajddns) gS yw999 wodeay 19 gS 999 


wodey ‘savas Suiuuvjg kjddnsjpuvwag ifviq : spaan A8sauq aaning 8unaayw ‘o1pAY OeIUC 
"EL 86] BIQWa.aP ‘OUOIO] ‘YoUeIg SUOTe|ZY 33eI10d105 ‘oupdyy apisuy ‘O1pAY O1IeJUO 

‘97ep uou ‘O)}UOIO] ‘vay Aavazy] ‘oIpAH O11eIUC 

"PQ861 NOL ‘OJUOIOL ‘OI-GON ‘$861 — MHd-NANYVOD fo sonuouosg ‘o1pkH O17e1UC 

"QQ6] [lak ‘OJUOIO] ‘/96] Oday jonuuy ‘o1pAY O11eIUO 


886] ‘a1Jaj9]3uy ‘uoIINS ‘Sulysijqng ssouisng pssy 
‘986] yooqpuvy Aaisnpuy avajonN py4oM ‘«SOVSHEIS JOP—eIY» ‘;euOTeUIDIUT BulsoUIsUq IeI]INN 


‘6€-L7 “4 “8861 Jorauel “] 
oU ‘6 ‘JOA ‘qoudnor ASsauq ay] ‘«saiunoy InNOj WoOIJ SMITA : JAqOUIBYD JsIy AdIouq JeIjONN» 


ZL d ‘8861 
JIIIAI} 67 ‘OJUOIO] ‘| xipusddy ‘sosipusddy 7 ‘JOA ‘maimay JooIUYyIay puv ifmuaing p : s4ojovay 
49mM0d dvajann s.ounug fo Kiafos ayy ‘maiaay Ajajes seajponnN ‘ouejuOQ ul «syedsy usIsaq 
parejai-Ajajes JO suljjno uy : suOneIS JeaNN NAGNVWD S,O1pAH OlRIUMO” “Yy Jolueq ‘Aajaua|\ 


"SQ6] SIBW J] ‘flounOD ASi9Uq IeI/INNY uLdIOWY Ne 19 
J!I9uNO SIddINOSoYy pue JUsWaZeURY| IeIJINN ne ‘ssousiemY Adi9Uq UO [INUNOD “S'~f) Ne sajeId0Ssy 
JOIDVIY PpsjOoD-seH ke] asp uoneUasoid ‘«spsanN JISN/AWINA 9A OL poeusisaq uondoO sesSNN 
UONCIIUIH PUODIIS DAIIILINIW UY : 10JDVIY PI]OOD-seH sinjelodway ysiY Je[Npoy» ‘ueq ‘sIea 


‘91ep uoU ‘olIeIUG ‘auIpsedUTy ‘“d109 
qyuauidojaa0g ALNTIOSAU ‘2961 ‘Ez Amc w sv sniwig : aauay A8sauq aonag ‘wes ‘10ZID Ie 


‘P861 Jarauel ‘(eqowueW) 
PMEUIG “JOAW “USWYSI|QeISA Yessy JBIINN [JOYSOUYAM ‘SdlIag UOTeWIOJUT IeIJINN ‘OOS-Z 
AUNM ‘anny ayi Sundaiodig : luawasvuvp aisvA, aN] AvAIINN ‘YeIIN] SiAIePW 19 Waqoy ‘UoAT 


LOC 


(98) 


(Sg) 


(pg) 


(€8) 


(78) 


(18) 


(08) 
(62) 
(82) 
(LL) 


(9L) 


(SZ) 


(pL) 


(€Z) 


(ZL) 


(1Z) 


(OL) 


‘9861 9190190 [][-¢ ‘s0URI.4 ‘souURD ‘90UdI9JUOT) ASIODUT P]IOAA 9Y} JO SSaIBUOD 
WEI ‘TUT sodeg ‘Ajddng A8sauq joooT sof swaisks avajonn papuanvuy ‘je 1a “FD ‘YyoUAT 


“L861 JoqTT[INf ‘orweUG ‘IdATY y4yeYD ‘pow epeuesd jo AS19uq owWoOIy ‘sa1101eIOQGe] 
FeIjONN JOATY WPYD “S1S6-IOAV ‘Buneay yinsiq 01 uoneoyddy si] — JIOdMOTS “AD ‘Your 


“8861 
JOIAQJ ‘V9NWIT epeued np snbiwoje ais19uq ‘ayd19yde1 ap 9191909 ‘yu, ssoUIsNg suwayshg AS10Uq 
yeso7T ‘Ajddng Assauq jvIoT un ASojouYysay” savajonn : waisks k812uq AYOdUMOTS “AD ‘YouAT 


‘1861 Sew ¢7 ‘JeoUOPY “OUT YOODAS ‘Teuyy Woddes ‘Casnpuy avajonny uvipvuvy 
ay) fo suluayisguans puv juaumdojasag ay sof K8aivus YP ‘J9ZWAaMYIS UIQGOY 10 dag ‘307 


‘A886 [ae “O'g ‘uo wuryse ‘ou ‘s}dadu0D 90U910S 
‘squvjd Ano1419013q 4vajonn “Sn #{O Sumusny fo isoD ayL ‘SIA ‘d WeW 12 “WH YuUeIy ‘xouusq 


"PQQK] SIeW “DG ‘UOIUTYsSEAM ‘‘dU]T ‘s}da0u07 
BoUsIIS ‘A79141907q A111-UON puv padidd-f1Q snssaA 4n01419a1q savajonn fo 1soD aya fo siskjvuy 
up (uivsivg 40 uapang ‘K31auq avajonn woaf 419149314 ‘SIW ‘qd WeW 12 ‘HH yueI4 ‘xouuay 


O86] ‘Sieg ‘aN YORH ‘auivajonu asy,'7 ‘sanboer ‘bd19]997] 


“8861 [Ae 
“Yq ‘uowuryseny, ‘ofo1g Adiouq ssep yeonUD ‘ueznig dsqQng ‘suoi2vaYy avaj}INNY JVIDAaWIWOD 
ISAOM S,vIUeUp fO luawUssassy up :suowaT avajonny ‘Kajog yauUusy 19 Ydasor ‘B1aqsay 


"L861 Faqweaou “D'°q ‘uO WuUIYseEM ‘199fo1g AdIOUA Sse|W [COND ‘uaziiy oyqQndg 
‘NQ-asvyd aévajonnN v fo Alpiqvsvay DWoOU0Ig ayy :anunuod oj Apisop oo ‘ydasor ‘B1aqsay 


‘oyep uou “aq ‘uoIUIYsEM ‘190fo1g ABIOUT sseW [eID ‘uaznIy 
dQnd ‘sIUvjq 4aMO0g Ava]INN asoj]D OL siuof{q uazinD : saigaivug umopinys ‘ydasor ‘B1dqsa11y 


‘9861 
siquiaidas gz “D'q ‘UOIZUIYSeEM ‘SISIJUSIDS pauJa0UOD Jo UOIUL_) e] ap 10 dnoig yYoseasay 3sa19}U] 
aqNg S$ Np ‘aIninsuy AdyoOg jejuswuONAUW np aixiw yOoddel ‘vouaWp ul aouDANSUT 4va];INN 
fo kpmg py ‘paizaiorg 10N $1 9QNd ay] : SpjaifusoDd 01 Sasua] JODIUOD WOdq “Je 19 TIey ‘aoysy 


‘8861 
Jaiiaay “Od ‘uoiwuiyseny ‘dnoig yoreasay ysasaiuy s1QnNg ‘SQ Je aININsSUT AdT]Og JeJUsUTUOIAUA 
‘SA01IVANUOD savajonnN s.h8iauq fo quaunsvdaq ayi uo 19p uUOoSssapuy-aduUg ay fo suonvojndwuy 
Miafog ayy “yy ww Auuag V ION ¢ SIIvAIUOD Ul UOT OOTS ‘Ue UVo3ITYWIeY 19 Ley ‘eoysy 


"QQ6] SIeW LT “O'q ‘UOIUIYseEM ‘AdIOUq 
jO jusuedaq ‘juowaseuey dISeAA SATIOVOIPEY URIIAID Jo B1JJO ‘«<juaudojaasg J9IeA pur 
ASi9uq uo voIWWODQNS ‘suoneldoiddy uo saIWWOD sy} aOJaq jUaWIAILIS» “A sayreyD ‘Avy 


‘8861 
siew ‘OAWYOL ‘updos ui Bung siuvjqd 4amOd AvajonN ‘ayjasnpur uonesyeso] ap aiued ‘uoder 


‘L861 uinl 77 ‘M8sauq avajonpyy fo 
uonvz1jnyQ puv juawmdojanag 40f woss0dg wWday-suoT ‘anbiwoye 319319u9,] ep uorssimWMO) ‘uoder 


"6961 ‘OosIOURI. URS ‘AUedWOD 


pue uewsslj “YM ‘UR puke sadINOSay UO Zd}}IWIWOD ‘JIOUNOD YdIeIsdy JeUOTIEN-S9dUdINS 
jo Awoepesy yeuonenN ‘uvp puv saoanosay ul «sadinosaqy ABJouq» ‘BuTy “WO ‘eqqny 


90¢ 


(69) 


(g9) 


(19) 


(99) 


(S9) 


(79) 
(€9) 


(79) 


(19) 


(09) 


(6S) 


(gc) 


(LS) 


(9S) 


(SS) 


(pS) 


‘77-61 “d ‘8861 ‘alsJaio]3uy ‘UOIINS ‘jeUOTeUJOIU] SULJOOUISUq JesTONN 
‘996] yoogpuvy Asisnpuy 4svajInN PJ4OM ‘«L86] WOIWdAdIYyOyY UOTIeIG JeIINN» ‘ainey] ‘sojmoy 


“S861 uinf ¢ ‘eMeNO ‘anbiwoje 313190u9,] 

8p JJO1]U0D dsp UOIssIMIWOD ‘vpvuvD ul UOND]Nsay AvajInN fo snfauag puv SISOD “Qt ‘atArey 
"886 IOLIAI 67 ‘OJUOIOTL ‘MatAdy Alajesg Jeapony 

OlleIUuO ‘JIA xIpuaddy ‘saspusddy Z ‘JOA ‘Malay JooIUYIaL puv odifnualng p : s4o1lnvay 4amOod 
dvajonn s.ouviug fo Kiafos ayy ,«ayeiadGO si0}eIY QAGNVD S,OMeIUO YY UNUM YOMoweI, 
yeuonesiuesiQng pue ‘Asojeinsoay ‘jesay ay) jo suoneojdwy Ajajeg sy» “Dd Iyosesiep ‘aepsuyH 


‘L861 eaquaidas “>°q ‘uo ZuIYysen ‘dnoIn 
ASi9uq sseW JeOWID ‘uazniD oQng ‘woday Aiafvg samog 4vajONN O86] “Je 19 eNysor ‘UOPIOH 


‘L861 BIQuisaAoU ¢ ‘(O11RJUGQ) JOATY xJeUD ‘sooesOgeyT 1e9jINN 

JOATy yyeuD ‘doysyiom ABojooxo] ‘«syuasy dussourssey 0} Ayjiqudsosns jewsouqy suniqyxy 
suosidg JO uonesney J990Ue>y UO WRdW pUe U0I}99}I0q» ‘UOSIIIOW ‘dq 1° “AN ‘sJOuIUayD 
‘L861 Sieg ‘apuopw a] Suvp sasivaj}INN Sajvaiuay sa7 ‘anbiwojyy a1d190uq,| & JeLIessIWWOD ‘sour 4 
“9vep 

uou ‘sueg ‘anbimoiy a13190uq,] & IeLessIMIWOD ‘UaWasvUuDW aiIsvDAA aallovoIpvYy afvs sof Kouasy 


MaWUs2A0OH PY : VYCGNY ‘Sjilovoipey sieyo9q sep uonseds ey inod sjeuoneN soussy ‘aourl4 


"S861 [4A pI] ‘Sled ‘S910N 
Buljolig ‘mossivds vavgivg ‘saw kq pay uonvésajaq uvipvuvd v fo aouvay 01 SIA ‘QWOeWRI4 


‘L861 unl ‘seg ‘O96] ap januuv 140ddvy ‘awojewes 4 


S861 19qQ010Q ‘Blamydsnelg ‘6 ‘ON ‘aIsvpy aallovoIpvy 
{oO  wsodsigq jvuiq ‘\esuesuspung asyodsIUuYyda] -YosI|eHISA ‘AUCWIS Oo odyqndea elapo 
] jould =| pung  9sxYISIUYIeT -YISI|exISAYd Jed yqndey = jelspej 


‘pl6] ‘uuog ‘Auvusay fo 21qnday jvsapay ayi fO 9/6] 01 FL6] Wiv4ésOdg 
Avajonn ylanoy ‘KsojouysdT pue ydieasay Joy AISIUIA [eJapsy ‘ausewa[y,p aeloapsjy onbijqndoy 


"S861 T4Ae “pel 
ou uOnIpyA ‘Auvwsay fo sqnday jvsapaJ, ayi ui suonvjnsay Miafvos avajonny ‘Ajayes seajonN pue 
UONAIBSUOD BINIEN “UsWsUUOIAUT,|] OP [e19paj siaIsIUIW ‘oUseWAITTY,.p aeJepsj} onbijqndoy 


‘S861 NOK ‘EMENO ‘UOTIIPS 26 ‘97792419972 12 WNIUDAZ) ‘99IWIT] SOdINOSSOY OPeIOP|A 
986] ‘Sled ‘asvajonuosja}a,p siv5uvaf auuvsé8Odd aT ‘9dULIA BP 93191110919 
"8861 Jotauel ‘seg ‘796] uonvnojdxa,p sanbiuysai sivijnsay ‘adue1{A IP 911919919 


‘bL6] ‘OIUOIOL ‘sUOS 2 AZIM UYOL ‘sa792140g 
puv 12aj9NN ‘sp1jog ‘sajnoaj0ow ‘swoip fo soiskyd wmuvnG ‘ydusay Waqoy 19 Wsaqoy ‘S19qQsiq 


“L861 JOlAgJ “ESE “ON ‘uapams 
MaddND ‘«\uapIdd9y JeIJINN 3yi JO saduanbasuoy : |Aqoulsyy JdIe UspeMs» ‘jexy-]Jey ‘uUIPA 


"L861 Siew ‘pCE “ON 
‘Uapamg WaddND ‘«31eQIG JIMOg IBIJINN 9y) JO JeAIAdY : JAqOuJaYyD J3dye UdpaMms» ‘oq ‘sulAq 


SOC 


(€S) 


(7S) 


(1S) 


(OS) 


(6r) 


(Sr) 


(Lr) 


(9p) 


(Sr) 


(pr) 


(€r) 


(Zr) 


(ip) 


(Or) 


(6¢) 


(g¢) 


(L€) 


(9¢) 


‘8861 ‘eUTTOIeD YON ‘anopeyD ‘oday jonuuy 296] ‘Auedwos Jemog 24nq 


‘p8 ‘d ‘8061 
Jlgae-ssew ‘Cuisnpuy 4vajINN ‘«(Q861-O861) SHUN JeIJNN JOJ sJOJEINSay azeIg Aq saodueMOTTeSIG” 


“S$Q61 NOR ‘(aseIT] NEdANOU) JOVONDUAAIU] 
Sul4aaulsuq AVajJINN ‘«,9181IS 3eIS, SIeaN J Al[NUaDH» ‘aq “TJ eyiqeg 39 jNeg ‘yneuagq 


‘LL61 Jotauel ‘(eqowuepl) emeulg ‘epeueyd np snbiwoje a1319u9,| 9p sydIJ9YIeI ap 
J1Z190S ‘[JOUSANYAM OP SotleajoNU saydjayde1 sp JUsWASSI]GeIgq ‘L/OCPp-IOAV ‘2794D Jan. wmiuvin 
[DANIDN' BYL : J AWNIOA ‘JaNy NGNVD JO Sanaadosg Kv2aq daanovoipvy ‘Apeod “yf 32 ‘f'7 ‘33910 


‘91ep uoU ‘a70y S,vpvuvD pup Kssauq uoisny ‘afo01g ASojOUYIIT sjan.j uoisn.j uevipeuey 


"L861 [AAR “eMENO ‘WUawaIvIg 
luaudojaaaq A8ojouysa, uvippuvd sof sidadsoig ‘uonvipvsd] POO. ‘JIQUNOD BdUdIDG ‘epeuURd 


"8861 JolAuel ‘emengo ‘auUOS & Indy UIJIZUO PT] : EpeuRD Ne sjideOIpeI JUaWIAINeY s}aYyIEp 
So] ‘S1910} sap 39 JUBWIUUONAUD | Op UsUeWIdd da}IWOD ‘soUnWIWOD sap sIquieyd ‘epeued 


‘L861 eiquiaidas ‘emeno ‘{alanoas NO ajasvy — ajosied 
a7 ‘SedInOssai sap 19 sauIW sap ‘aI319U9,] ap JUdURUIOd d}1WIOD ‘soUNWIWIOD sap siquIeYyD ‘epeued 


‘QQ6 [Ae ‘slieg ‘epeued np opessequiy ‘sddInOssal Sap 139 SaUTW Sap 
‘gI319U9,] 9p JUoUeWIId DIWOD Np sdUeI Ud SIA ‘SdINdIIDIXS SoIlejJy sap sJoisTUIW ‘epeuesd 


‘1861 ‘BEMENO 
‘4Z-18uq woddei ‘amvajonu anbuijod vi ap ndsady ‘sadinossay 19 soul ‘aisiouq ‘epeued 


‘7861 “WBMENO “0007-1861 
Saandadsaad 12 sawej]qodd : asvajonu aidisnpul,] ap anaay ‘sadinossay 3a saul ‘aIs19uq ‘epeurd 


"L861 ‘OlRIUO ‘IOATY APEYD “J9ATY ATeYD sp seiregjonu 
SONOIIOgGET ‘DISVL ‘aydsieyseI ap 919100$ ‘soNWIT ‘epeuey np onbiwoje aisisuq ‘epeurd 


‘L861 unl ‘9 ‘ou ‘Z JOA ‘sIODaISQUT ‘«WeIB01g 
soeds ‘SQ SISISSY TOUV” ‘aydIeyoe1 ap 919190 ‘salWwIT ‘epeued np onbiwoje sis10uq ‘epeued 


"L861 Stew ‘(O1IeIUG) JOATY AeYD “JSATY AJeYD ap sasegjonu sas07ies0ge'T 
‘SaqgOdd lwadiny Appy ‘aydiayoe1 ap 939100G ‘saWIT ‘epeueyg np onbiwoje oas10uq ‘epeued 


‘97ep uoU ‘(O1ILIUD) JOATY AJVYD ‘IJOATY JUD ap Sostegjonu sai1ojws0geT] 
‘“alaw ajoyasog INSnoop ‘ayd19yde1 ap 939100 ‘saTWIT ‘epeuey np onbiwoje sais19uq ‘epeued 


‘OSH Se ‘(O11e]UQ) eIeURY ‘S1OIMIPDAU] VY 
joiaisnpuy fo 1817 pjaom ‘Kuedwos yesiwayoorpey ‘souwiy ‘epeued np onbiwoje s1s190uq ‘epeued 


"L861 ‘TegtUOW 
‘uasaad nv anin{ a7 : 09 yvgoD ‘uondNpoig 12 UONIPA uoNdaiq ‘uONeWIOJU] BdUEpIseId-391A 
‘SaqanO-o1pAHE 19 agen np neaing ‘sowwIyT ‘epeuey np onbiwoje osis19auq ‘epeueD 


‘PR6L unl ‘(uonipy jeiseds) suonsalodg 4amod ‘«K10IS 
wIOg seisnog sx4L» ‘NGNWD voneiuo0ojdxg ‘soiwiq ‘epeued np onbiwoje a1s19uq ‘epeury 


A886] SIRW ZZ ‘YIWg UPLI9YS ‘saounossas Sap 1a Saul Sap ‘a184aUa,] ap luauviused 
aNwoy nv uoNviuasadd ‘QANWD uoneojdxy ‘souwiq ‘epeued np oanbiwoie s310uq ‘epeued 


Oc 


(S¢) 


(pe) 


(€¢) 


(Z€) 


(1¢) 


(0¢) 


(62) 


(8z) 


(LZ) 


(97) 


(SZ) 


(pZ) 


(€Z) 


(ZZ) 


(17) 


(02) 


(61) 


(81) 


(LT) 


‘Nep UOU ‘OLIeIUG ‘eSnessissip ‘57487743177 
wouyral OOF NANVD ‘NGNVO vonenojdxg ‘sguwiy ‘epeued np onbrwojye aisiouq ‘epeued 


"EQZK] LeU ‘OlIEIUG ‘eSnessissip ‘IUawnrs0g Auvmuns y “uoIs1A Avak-OF PW : aaniny 
SDpvuv) Ul NGNYD ‘NAGNWD voNeryojdxyq ‘soiwiq ‘epeued np onbiwoie sisiauq ‘epeurd 


‘L861 saquiaidas ‘emenoO ‘fesJUa0 Nesing np 
sonbijqgnd samejyy ‘auivazonu a7 ans pi20,p dnod ‘asiwiy ‘epeued np onbiwoje siZ1i0uq ‘epeued 


"QL861 teu ‘emen© ‘(4)v€Z70-OANI ‘IGNVO S4naiove4 Sap aiaans v] ans jkqoudayr] 
ap 1uapidov,) ap suossnddadad SaqT ‘anbiwojye os13190u9,, op sajo1]UO0D ep uOIssIMWOD ‘epeUuRd 


BL86I UN ¢ “eMENO ‘pOI-a 
dNeUIWII]391 JUsWINIOP ‘sS{NovOIpYs Slaydap sap uonvnIvAI,] snod aulsai 8uo] V_ SaaivjUuawase4 
Sadiaidaaip sausi) 1a saouadsixa ‘s{fuzafg—Q ‘enbiwoje s1819u9,] ep aJONUOD sp UOISsIWIWIOD ‘epeUed 


"E861 FIQWIZD9P ¢ “EMENO ‘8010-OANI ‘YpvunD nv 
Sadivajonu Sananov sap uonviuawasea v7 ‘anbiwoye 31319u9,] Bp 201]U00 ap UOISsIUIWIOD ‘epeUes 


‘1861 [14AR “EMENO ‘[eaNUOW ep “OUT MOOS Jed agny0a3J9 apni9 ‘7-€700-OANI ‘VONDjNsay 
doOdav fo sisop ay Ssunvwusg ‘anbiwoje a1810u9,] 3p I]ONUOD ep uUOISsIWWOD ‘epeued 


"8861 ‘EMENO ‘99-Z96] 140day jvonuuy ‘onbiwoje 31319U9,] ap 3]011U09 ap UOISsIWIWOD ‘epeued 


"8861 JaliAgj ‘oleIUG ‘esnessissIp] ‘so ‘epeueD np snbiwoje 
aigi0ug ‘NGNVO uonenojdxgy ‘wasky 401I0v24 OOF NGNVD UL ‘MEH ‘SU 32 “TD ‘sxooig 


886] Siew ‘ouseWOITTY,p 
ajeigpey anbiyjqndoy ‘Ajayeg seaponN pue uoneasgsuoz sinyeN ‘jusWUONAU JO} ANsIUI| 
Jesapey ‘101 ou uonipyq ‘dunwuayn fo onqnday jvsapay ay ul K8usauq avajonn “YyD-"H ‘se01g 


‘O861 9190190 ,o[ ‘saITWIT ‘epeued 
np anbiwojye aiZisuq ‘avg of Suuoissimuossg fo Kunmuns :1mo0g svj8nog “Q] ‘peoig 


8/6] 9190190 ‘eqoyueP ‘emeulg ‘sdITUWITT ‘epeued np snbiwo}e 931319u9,| 
ep sYydIaYyII1 Vp 9I91ID0G ‘]JEYSONYUAA Ip SoilegjNU soaydiayIe1 sp UsWAssIqeiq ‘pI€9-1IOAV 
‘mvsé80lq JoOSOdsSIg uvIPvUDD aY] : SaIsvVAA Jang aanovoipyy fo luawasvuvpw ‘(‘p2) ‘f ‘uOINog 


886] ‘OJUOIOTL ‘ssaig OJUOIOL 
jo AyisiaauQ, ‘panuny vpvuvg fo A8aauq onuoip fo Kuoisiyy ayy :° snajonnN ‘\Weqoy ‘TJaMyiOg 


“gvep 
uoUu ‘UOIZUIYSeEM ‘SsadsUOD YIOQ] 241 Puv S4aquay o1 14oday ‘jlouNOD AZ19Uq IeapNN uPdIWY 


“LL6O1 NOB LE ‘eMENIC ‘sadINOSsoy 39 SoUTP ‘aIdJOUq ‘anbyjegds19U9 anbiyjod e] ap 1n919ESg ‘O-L, dA 
woddey ‘vpvuvd nv saaiwajonu sjayoap sap uonsas v7 ‘areyy “yy Je UOsIeY CW CW'V ‘UDTIV 


‘8861 JdAIj 67 ‘O1UOIOT ‘MoIAdy Ajajes JeIJINN O1eUGO ‘SOday ,sIUDI]NSUOD paidajas 
‘mMaiday JvoUYyIay puv ofnuaing p : S4olovay 4amOg Avajonn’ s,o1niuCQ fo Kiafos ay] ‘«sayeis 
pour) 24} pue epeuedy ul uUOne|Nsay JaMOg IeIZJONN Jo uosiuedwoy y» “4 UYyOoLS ‘aulesyYy 


aisioys s1ydeasolqrYg 


t0c 


(91) 


(SI) 


(pI) 


(€1) 


(Z1) 


(11) 


(01) 
(6) 


(8) 


(L) 


(9) 


(S) 


(p) 


(¢) 


(Z) 


(1) 


4 } 
‘D> ; b 
/ toh 
nf \ 
oes 
i #ii *% 
i i ij | 
ck el WERT t 
7 uy i rf { ar ®,/ a 
rn q e 
CA's i ry er a a iG i ( 
yd Fhe fi 2 scm aide ' ; j E ’ 
WOW SOQh Oy OF Kev) )4aic *% 1) ' ; j 
ahaygjer 
‘ Pa, GODPIG 4 ewRROM, WT) a . sey t uly fl 

Bee wie 4 : ' 

DOC AD, SOL OOS Serie wR Fae EZ 

mariage GSG4 2 Fis) Seth]. teiagieiy oy y Noa je 
o 
7 


* 

i] 
(.c 
ae | 


‘(pez wintUeIN.P % 9000 39 aIIssiy SEZ WintuRIN.P % 1L'0 
‘aJ419j BEZ WniueIN.p % 8766) aJeInNJeu sa onbidojos! uoNIsodwosd e] JUOp WntuRI_ : JaINjeU WHTUeI 


‘Jainjyeu winiueIn | suep 9AnoI}01 9] UO aTjanbe] suep uosodoid ‘% [1‘9 ap 
Rjap-ne 910d 939 & ayIssIy SEZ WNniUeIn adojOSI,| ap ase}UI0INOd 93] Janba] suep wNTURIA : TyYdIAUa WNTURIp 


‘Q]11I9} VIBE L] 39 VTISSIJ JIVE eB] Ja19dNd91 ap 19 UOISSIJ Op s}INpoid say JoUuTWITS,p ana ud 
‘inaj}ov—el UN sUeP UOTIeSITIN UOS Saide siTeQ]ONU J]QuUsNqWiOd Np jUdWA Te] : aqusnquiod np jusulazIE10y 


‘«$JUa]» No sanbiws98yi 
suolnou sap sed juawayediouiid ayinpoid jysa uolssiy e] janbay suep inajoedy : enbrussy} InIj9VIy 


‘(un & inaliadns jsa UOle19UIS91 BP NO UOISIZAUOD Vp WOddeI 9] 
wuOp ‘p-e-°d) 1n3j{deI1 Np JUsWOUUOI}IUOJ 9] INOd saWWOSUOD ZIISSIJ JJBNIeW Op aINUEeNb e| e& dINdII9dNs 
ginuenb us aIJ9j s1aNeW op ined ke aTISsIy sigMeW e] ap UNpold nb inajdeoy : Ina}ze19VUadaIIMS In3}dFIy 


‘TydJUa sIqusnquios np juasiyn (YO.LH) 
«Ze3 Ne IPlOjjal sInje1gdusa} ayney & Ina}deI1» 3] 19 (YOV)»” Zes ne Iplosjas QoURAR IN9}9e91» 9] ‘jaINeU 
winiuein.| ap asian ‘«xousep» adj ap inajoeo1 gjadde siojsed ‘zed ne iplosjos 1najoeg1 a7] “INajeJQgpOwW 
awWWOd 314de13 Np Jo InajyJOdojed 9WIWOD 9VSI]IIN 3Ss9 zed UN janbs] suep inajovay : Zed Ne IPlOAjaa 1n9jIvVIy 


‘sapides 
suoinau sap sed juawayjediouiid sanboaoid ysa aireajonu uolssiy ey] janba] suep indjovoy : spider in9j9vIy 


‘guregjonu uorsjndoid & sulJeW-snoOs sa] 19 BdeJANS ap SailAeU So] SURP SosI]IIN 
uoisjndoid ap sinajoeo1 say ya ‘(-o}a ‘UTegin aBeJyneYyd a] sULP ‘JaIIISNpUl JUaUIAIIeI |] SUP 9d<aSI|IIN) 


10¢ 


Inajeyd ap uononpoid ap sinaysee1 say ‘911011190]9,p UOTONpod -ap sim9}oe—1 sa] ajdwiod uo aouessind 
ep sinajoea1 Sa] MWg ‘s1919U9,] ep s1INpoid e jyuaWwaredioulid suNsap ind}oeoy : BdURSsINd ap IN|}IeIYy 


‘(uoisnj 
BW in319e91) sISIIP 19 aINpoid ang ynad aireajonu uOIsn} ap uONoeaI aun janbaj suep jrisodsip un 


e sanbijdde siojanbjanb ysa «asregjonu imajoeeI» UOTssaidxa,q ‘aasluIp 19 anuaiuIeW ane inad aNeajonu 
UOISSI} BP VNUaII1}U9-O]Ne sUTeYD Usd UOTIIeII 9UN janba] suep jIIsodsiq : a1TeapINU (UOISSTJ B) INIIvIY 


‘QIILUIPIO N’d B S1N9d}9e91 ap Sa|]dwiaxd sap 1u0S YA\d 2] 19 UMA 97 
‘INIJeVIQpOW 39 IndJJOdOyed sWWOD (319389]) DITEUIPIO Ned,] ap URSIN INIIeIY : WIBUIPIO Nea & In9}0K9y 


‘IyWd1JUs WintueIN,| 3p no jainjeu wintueIN,| ap 9139 Inad a]qusnquios 
3] ‘odh} 3] UOT9S (NGNVD Jn9}0e81 2] suep aWWOd) apino] neay ap no dsileuIpIO nea] ap ‘ze3 
un 9139 nad inajodojed sy] ‘uNa\eJgpow IWWOD spino] Nea] ap iURSITN INd}.vaYy : apANO], Nee B ANI}IvIy 


"IN9dOd 3] SUP IN][INOG nod 
39 ‘INdJVIQPOW 49 IndIOdO]Ted aWIWIOD sESTIIIN 3Sa Ned] ep Jenba] suep indj}ovdy : BJULT[INOG Nea eB INI}0RIy 


’x suokel Sap 311}9W9,p NO judWIIURIUOdS JapUIdS as ap ‘neAOU INI] ap ANJed & eEMWeS JUDWIdUUOARI 
un no sginonied sap juswoueRjuods ajowe,p saprlayonu sureziao9 yuonb a91Id01g : aIIATIBOIpeYy 


"SQWIO} ISUIe SapIa]INu 
sap djuonbasqns aaljoevoipes uoNeIZa}UISap Jed 10S ‘uOIssIy Jed jos syinpoid saplajonNN : UOISSIy ap S}INporg 


‘ayentul 
INJJeA BS BP JIIOW ke] & JINPos dATIO® UOS JOA BOURISGNS Fe] IIeJ 99 ap onb ja yUsWoURIUOdS JUaIZAIUISOp 
9S dAI}IPOIPeI JdURISqns oUN sUep sjUassid sawOye sap snow ke] 9nb nod d:ressad9gu sdwa] : sporiag 


‘sJUdIIJJIP Saplgjonu sap juOs ‘auesoipAy,| ap soedojos) 
sap xnop sno} jusI0s sji.nb usaiq ‘wn 3] 39 WniaInep oq ‘s1aNONIed snbiwoje sd9edsq : aprajany 


‘SUOIINIU Sap SAISSIOX9 91N}ded sues JUSWASsNUI]eI 39 UOISNIp red (sanbiwsay} No «s}Ua]» 
suojjnou sap aiinpoid inod aiip-e-3s9,9) suomnau sep a1319U9,] a1INpel inod sastNn iene : InsjV1IpoOy] 


‘(LpZ wntuoinyd 19 6¢Z WNnIUO Nd ‘¢¢gz WnIUEIN ‘¢¢Z WNIUeIN : sajduaxa) s]U9] 
SuOI]NIU Sap DdAe UOTIDeIOIUI Jed UOISSI} DUN JUOWITINeJ Jiqns ap sajqudaosns saplajoNN : aISsly sae 


‘(ZEZ WN) 2] :19 SEZ WNTURIN | JUsWAIIIT;NINIed) suoIynoU ap sinided sed 
JISSI} DIVNeW Ud ‘JUSW9}dI9IIPUI NO JUSWI9}IEIIP ‘sgWIOJsueI] 9139,p sajqudaosns sadojios] : a[aajJ V19TVeIA 


‘anbiz119 suTeYyd Ud UOT}De91 BUN IUa}UTeEW jnad Inb ‘saagijI9ads suOIIpuod sap 
SUP ‘SOJUIWII}Ep UOT} -ISOdWIOD ap 39 UONLINSIJUOD op aIssij JIgNeW op sfeWIUIW asseYy : aNbIzII9 assely 


‘a]qQeISUI 1S9 
inb ‘(suoijnau xnap 3a uOJOId UN) WNT 2g 19 ‘(UONN|U UN 39 UO}JOId UN) WNIIgINep 9] :(neAOU 9] SUep 
uojo1d un) winnoid no jewsou suasoipAy,] : sadojosi sio1y pusidwod ‘] sa onbiwoye o19uUINU 9] JUOp 
‘guasoipAy,] ‘ajdwaxea seg ‘(neAou 2a] suep suo‘jneau ap 19 suo}O1d ap ]e}10} sIqwou ne a{jaUUOTIOdOId 
isd ossew k]) SajUatgjjIP sasseul sap srew onbiwoje siquou swow 92] JuRAe SsaplgjoInN : Sadojos] 


"J9IJUI INO} B]QNsNquwiod ap add UN NO Sin9}9e91 Op 
a]qwiasud UN ‘Ind}9e9I UN SURP TYSIAUT SITeITINU VIQNSNQqWOd Np 93]v}0) dINUeNDH : a[qUsnquiod ap aieyUaAUT 


“SJIDBOIPEI SJOYSEp Sep uONeUTWT]a, | 


19 a8eyo0Is 9] ‘yWodsuen 9] ‘JUaWaUUONIPUOD a] ‘JUaUWIOTIeI] 9] ‘UOIjUdINUeEW ek] SUep dsjIdWOD 
us sipusid e& jUOs Inb sajjauUONeIIdO 39 SOATILIISIUTWIPE S9IIATIOL Sd] SOINO] : SJIJVOIPeA SJaydap sap UOTSe4) 


00c 


‘91919U9,P UONLIIQI] op 19 BPWWeS JUSWIOUUOARL Op ‘sUOIINIU ap UOISsIWII,| 9p soUsedWOdde 
quowajeniigey ‘(snjd jyuawoie1) sanzed xnap ud pinoj; nesou un.p UOIsIAIGq : d1teazINU UOISSIY 


‘uorIsnqwod sun. p Insed e.nb y03n]d anbiwoje uorssij e] ap sed 
e atinpoid sa sauiqiny sa] JUeUTeNUS Inader ke] NO ajeIWUID DUN SUeP aIINpOld aIZIOUq : VATeaTINU atd19Uq 


‘9WOIe UN,p UOISSIJ e] Jed 9919QI] BId19DU_ : UOISSTJ ap sId19Uq 


‘NANVD 1na19e91 9] suep InajJOdojed 
19 INdJeJgpOW SWIWOD dsESI]IIN 3S9 apino] nea] ‘ind 3219.) W ‘wWntanep gjedde suesoipAy,p odorost,| 
dP SWIOJ snos aisixa sueZOIpAY,p swWoIe,| aJanbe; suep neq ‘O’q no winiiginap sp spAxO : epanoy, neq 


'19019X9,S JUdANE SJeIISIUIWIpPe S3]O.1U0D Sa] a]Janbe] ap sinod ne sdwa) ap asporsed aun 
suep a]qejdao0e neaaiu un e sed y1O1D9pP oU dHATIOVOIpPeI eB] JUOP SJayIEp : aporsad anZuo] & sJaYyIap 


"311089389 91399 & JUBUDJIEdde SUIWIOD SoJOPISUOD JOS SUR OF & IINITIOJUI 
apoliod un jueke sapigjonuoipes say ‘shed sureziad sueq °19019xa,S JUdANEd sjNeIsTUIWIPe $3]01)U09 
$3] aJenbe] ep sinod ne sdwa} op spoiied oun suep ‘anbisojoipes ana ap juiod np jueliusisul 
SUIWOD JI9PISUOD NedAIU UN eB POIIP JHANILOIPel ke] JOP sjoydep : spotsed 331N0d kB SjaY4IaP 


apoisad D} u0j}aS_-—Ss “g 


‘uonejndiuew 
Ina] Inod uonsa}0id sun sulowueRgu judzIssadqu Inb slew sjnoevoipes juawajneYy sioydEp 
Sap INJ9d & INIIIZJUI OUATIVOIPel Op Nedalu uN JURA SJOYyIOP : SJIQDVOIPeA JUIWIZUUZAOU SjJaYyYdEP 


‘gjqeiedwiod sHANIeOIpel Vp NeSAIU UN_p JOYdEp s1INe NO} No ‘asinds sjqusnqwuiod 93] 1931e1191 
sed yoagid au uo nbsioy in9jove1 Np JIpeI s]qQNSsNqwiOd no ‘zIpPeI asfqusnqwios np osnbiwiys 
quswi9iie1391 3] JUepusd so1edgs sydeOIpes JUSWaINeY sopInbi] : syIeOIpeA yUBWIZINeY sjJaYyIap 


‘gyewi10U UOe;NdiueW Inaj nod uoNda}0I1d ap sed yuazIssadou 
au SaplgjInuoIpes Us IN9Ud} V]qQIeJ Ind] ap UOsTe1 Ud INb sjaydap : syIIVOIpes JUIWIITqIey SJaYyIIP 


Sapla]INUOIpDA U2 ANaUa} D] UOJaAS = ‘VW 


: QURAINS UOSe} e] Op apollod An9} 
NO JUATIIE,P NLIATU INI] UOTIS Sasse]d 3119 JUSAN|d sjJaYydEpP Sad ‘SdATIOBOIPeI SdJQeW sap UOTeSI]IN,| op 
no uonejndiuew ke] op ‘jusWIA}Te1] NP SIO] SaNUd}gO Saj{qeIIsapUl SATOBOIPe] SoJINeY : SJIIVOIpea sjaYyIIqQ 


“SIWINOS 3.139 JNad siTegjINU a]qQIsSNqQwOD 92] saTjanbxne ‘uoNesiNNI 19 
UONedIgRJol “JUdWIIIeIIOI ‘UONeSIIIN ‘uOTedIIQey oJdweaxa Jed ‘suoneiado sap a3ing : eTqusnquiod np afdA_ 


*«anbiz1I9-SNOS» 3S9 1N9}9e9I J] ‘UN & INILIJJUI 
isd In9}oeJ 9] oNbsso] ‘«anbnwoins» 3sa 1n9joeI1 9] ‘uN assedap uonedydnjnw sp imoajoej 3] onbsio7] ‘un 
& edo 1S9 suOIINaU Sap UONedTdN]nNW sp im9j}oeVj a] anbs1o] aIp-e-1s9a,9 ‘suoIjNeu sap UONedsIpP op xne} 
ne [e389 JUSWI9}NeXd JSa SUOIJNIU ap UOTINpOId ap xne} 9] anbsioy «anbiyW9» yp 3sa InajyoeI1 UA) : eNbITAD 


“SOTISSIJ SOPlg]aNu ud s9inwisueN 3199 JUaANAd Inb sayj19j3 sapigjonu sinaisnjd no un 
JUBUIJUOD BdURISqns 9UN JOUSISsp Issne jnad uoIssaidx9,77 “1n9}0e91 UN sup sUTeYD Ud sITegJONU UOTIDeII 
euN IU9jaI]U9,p sajqeded sajissiy saplgjonu sinaisnjd no un jyueUd}UOD ddURISqNS : sATBIJINU aTqQUSNquiod 


‘INdIOdO]ed 19 INDJEIQPOW BWIWIOD spiNO] Nea,| 39 BIQUSNquIoOd sUIWOD 9SI]19N 3S9 
Jainjeu wintuein| sjanbsaj suep ‘epeued ne jurod ne siwi ailegjonu uoOIssiy & SinajoeI1 ap I]]1We4 > NGNVO 


661 


‘Inayeyo e] JanodeAg 
mod im9idee1 UN,p INs0d Np sMOyNe NO IMati9iUI,]| & JajNOII9 Wey uO. anb zeZ no spimbrqT : anajzsodoles 


‘saouanbesuod say dsInpei ua no 
asnajesuep uorenys oun JaAQg InOd sITeI]ONU IN9}de91 UN JUSWIANbsnig 191917e,p UONDY : 9dUedIN,p JaITV 


“sJIDVOIPeI SJBYIEpP Sap UOTeUIWI]S,| SUeP 331d WOd 
J1ua} ynej |! JUOpP aporiod onZuo] e& eYdye sinajiawea sap a3dwod uo sadojos! sind} WWUIeg “WINIDIIWIe,| 
19 WnUOIN]d 9] sWWOd ‘\UaWATaINyNIe s}inpoid yuos mb ‘«suaiueimsues» sjuswaa se] enb sweaw 
ep ‘wniuein,| 19 WINIIOY) 9] BWWOD ‘sjoinjeU sjUsWIa]9 Sep pusidwod sdnols 9D ‘somes sonbiwiys 
soia1idoid sap yuajuesoid inb 19 6g & Inaliedns no esa onbiwoje O19WINU ap s}UsWII9,p adnolyH : saprunsy 


A4IDAJINU A18A9UIA,] AP A180] 0UIULAA J 


‘squuoge 
SOP IIAJISSap 9p NOIp I] & NO nud} 4sd 931911199]9,p dqnd solAsas uN ajanbe] suep WUuOZ : BdIAAVS ap JU0Z 


‘yuisodsip 3] Ins sgsodde anbnayeusis anbejd ey ans sanbipur,nb 
319} “JuRdIQey 9] Jed saousIsap sUOTIIPUOD say suep anbiNjD9];9 UONeT]eIsSUI oIINe sUN,.p NO sdINNeIQUEs 
aun,.p nunuod swisel ud sjewIxew InojeA : (anbyeyeudis onbejd e] ans jueindy) sfeurwou ANa[eVA 


“UOIIAUD S}OAOTIY OOOL & 2NotJadns uoIsua] : UOTSUa} 9INeY B11) 


‘JUBUINO}) JIQIe UN_p JITepI]Os aseqne uN 31]U0d SEsIIIp JUOS INb zed sap NO INddea Fe] ap ‘ned,] ap 99105 
e] ted ojinpoid ysa anbiuesaw a1810u9,] ap janba] suep jueuIno) seWIId Indo; : (anbiyneipAY) surqany 


‘sajueinod snjd ua snjd ap jualos suorsus} Sayfa} ap anb udsiq ‘s}OAO]TY SpE & 
soinoliodns no sajes9 yusIei9 “LHL Sey aonb giapisuod yuawiaye19Ua3 UO 931911}99]9,p soljqnd sadIAjes sa] 
"S99SI[IIN JUSWIWILINOD sUOTSUd}) xNe diNatigdns UOISsIWIsUeI) Bp UOISUd} BINO]T : (\L'H’L) UOIsua} ayneY Seat] 


‘yzedop ap nvasoi ne no aired 30191) uN e s9UTISAp 39 OI]Qnd ddIAJOs 913Ne UN. p 
SMIIID Sap aileipswsajut.| Jed oyqnd so1Asas un Jed stuINOJ 9dII{O9]a,p Wodsuerly : Wsuesy ap jsodsuesy 


‘(saqgend) AensneajeyD sp suosysuAse vostel] e] (p 39 ‘(YIMSUNIG-NeIANON) J9q VIVIAL 
e] Bp snssap-ne suoiyouAse uosiel e] (¢ {(eQoWUR) UOSJAN SIBIALI BP] BP SNssap-ne sUUdTIIe UOISSIWISUeI 
op ously] ey (Z ‘saanooueA OP d],] IAG DUIIeUWI-sNOsS UOSIel] eB] (] : epeued Ne IdIAJOS Ud UOTISUd} 
ayney NujUuoOd jJueINOD ap suOTe]]eSUI sjeNb aysixo J] “JeUuITIye UeINOD UN Jed JaI]I1 Say op weAessa 
UO IS Sajqe}sUI JUaTeIas INnb xneasa1 Sap J9}99UUODIOIUI INOd ja sadURISIP SaNnZuUO] op ins o1INe UN ke jUIOd 
un p uolssiwisuel} ey Inod sasejueae sulezI9d djuasoid nuijuod JUeINOD 97 ‘JenNWQeY JreUII}ye JUeINOD 
np s0ejd ey & NUUOD jURINOD Sp BWIOJ SNOS 9}1911}99]9,P UOISSIWISULIT : NUIZUODI JURINOD B UOISSTUISUBI] 


‘JeUIIITe JUeINOD UN,p UOISUD} ET JoSsIege NO JaAz]{9 InNod snbnausewoNdsI]9 Jryisodsiq : IMaJVULIOJsUBI]L 
"9.INd1I9}]N 
ayep oun e anbinoaja aiZi0ua,p ajuayeainbg g3NUenb oun.p asiwial ek] ap uUOIsIAgId Ud ‘971911199]9,p 
dyqnd sd1AlJas aiINe UN, Pp IOAIISII J] SURP NUd}OJ Ned, p SWNjOA UN.p JWIOJ Rk] SNOS sgIQPISUOD 
enbod3,, e& «aaynunsoe» anbis}09]9 s1319U9,p WojsueI] : adeuIseseWWI,] 9p oNA Ud YojsuRIT (¢ 


‘QJU9A Op 1€1]U0D 
un.p uonndexd ua onbindaja a1819u9,p no souKssiInd op jojsueI] : BUDA kB] OP BNA Ud JoJsURIT (p 


‘QQUIWIII9p spoliod oun.p 
SInod ne anbi41309]9 a1Z19u9a,p no souessind ap sajeso sayjuenb sp ssueyog : syusjeainbg,p ylojsuery = (¢ 


861 


"9119111999, P IJQqnd sdIAJas d1INe UN,P SJINIIIO Sop ITEIPIWIIIUI | 
Jed ‘oireuis1io ~oyqnd ao1asjas ne no ainied 99191) 9UN ke UOSIeIAT] bP] BP ONA Ud ‘931911199]19,p 
ayqnd sod1ajas un,p anbiij0a;9 s1819u9,p aouessind op jyoajsuery : wodsuel ne snejor sojsuery (7 


‘JeAB UD NO JUOW Us SaseJURAR,pP UOTSsIWSUeI} P| (9 NO OIp UN.p 
yafqo,] JUeSTe} UONONpOld e] ap uOSIeIAI] eB] (P ‘sNpudaI sad1AJas Inod uonNesuasdwod Fe] (9 ‘sanbi41399]9 
sojiad inod uonesuadwod ey] (q ‘anbisj9a]9 a1d19U9a,p ainjIUINOJ ap sajdwod sap jUuaWassoIpsl 9] (e 
anb sajja1 sulj sop e& anbisj99]9 a1319U9,p soUeRSsInd op JJajJsuUeIT : UOIIIIII0N 9UN.p oNA Ud JgJsURIT (| 


: JIOARS & ‘93191119919, P SoIjqnd sadiajas sap asjUa JajsueI] Sp S9110391e9 
buis wuyap (JA ansed) aiZ19u9,] op yeuoneu 3d1JO,] INS JUSWITZIy 97 °9119119979,p solqnd sadiAlas 
xnoep suiow ne aijua anbisda79 aouessind op yojsuell : 93191179e79,p sotqnd sadtAdas Sap 31}Ud JAIJsUeIL 


"S99Ao]9 SodUeSsINd sap Ja,zI0dsueI} 
ynod audi] aun snjd ‘agaa]9 Iso UOISUd} EB] SN]q ‘“SIJOAOTIY SEL 39 OOS ‘SPE ‘OEZ ‘TEL ‘SII JOS soyueINOD 
snjd say odsues ap sousi] sap suoiIsud} sa] “UOIIAUS AX pp & p IP JUDLILA xNeINI 19 SUTEQIN $in9}deS $3] 
SUEP UONNQINSIP sp suOIsUd} Sa] “Ned-aJjyneYd Sa] 19 SesNaydEs So] ‘saJgTUISIND saj anb sya} soseugwo.sjd9]9 
sjisredde soid say nod sjyjoa O¢z ap 32 slosedde sap ysednjd ey snod sion S]] ap 3s8d saTjauapIses 
sulj Sop ke s9SI]eWIOU UOISUd) ke] ‘PION Np onbuswy uq ‘yWnoIId uN suep jUeINOD UN JaNdIID 
yey nb (s}oao1y us ajdwaxa sed) yon np sajdnjnw us no sjJ0A ua seInsow ‘anbi499]9 9910.4 : UOIsSUaT 


“UOSTeS 
e] No sulewas e] ap Anof a] ‘inof np ainoy,] uOTas JUaTIeA Inb sje] : sduia} a] SuUBP SaTIUdAIZJIP SJB] 


‘uononpoid e] 33n0} ap uasAow noo ne.nb yojnjd (ayeulssew) sInpoid 
QUUN BIZIUJOP ke] BP INOD Ne soxIj JUOS xIId So] a]Jonbe] UOTaS UOTE] : [euIdIVUI yNOD Ne UOTVeITIe] 


“neasel sWQWI 9] SUEP JUdUUOI}IUO} 
jneusaye yueinod ap sao1neigueas sap anb smod ajjanuassa uonipuod oun jysa 3e19 49d “JUeISUI 
sWIQU NE JUSWII}IEX9 WNWIUIW INI] 19 WNWIxew INI] JU9UI9}7e UOISUd} ap sepuOo sina] anb uodeR} 
ap ssssiuoIYUAS dIIP-e-1S9,9 ‘«aseyd ud» jUOS INb jJreUIIIe JURINOD ap sodleIQUaS Sp 1e1q : VUISTUOIYIUAS 


‘aiqndnisajul 91319U9,p SWIO} Be] SNOs anpusA 
JUZANOS 3$9 JI]O9 ‘9]e10] BdIeYD e] Bpadx9 9]e}0} souessind ey] anbsioy ayINpoid 3sd s1TeJUSPIdXxe 913199, ] 
9q ‘sosiidwod dAJesa1 Jo VB1eYyD ‘alIeigIIdOI1d UOS ap SUIOSdq Sep Se0dxd Ud sIdIOUW : a1810Ua,p sniding 


"911911199]9,] ap odessed ne sjqQeasI]sou souUeISISoI BUN 31jJO INb onbi3}9a]9 INd}ONpuUO|D : Anajonpuoseidng 
"sgsiuoiyouds JoINIWap ap 931911199]9,p xneasel sap gy19edeZD : azITIqQeIS 
‘anbiw19y1093 91319U9,] 19 SagIeW Sap a13190U9,| ‘(sanbrues00 s}UeINOD Ja SaNZeA Sap d1319U9 ‘JDdIIP J1I1e]OS 
juswouUoAeI ‘QUUdT]O9 s1d19U9 ‘asseWOIq ‘anbi1j99;901pAYy o1319U9) sITe]OS J1319U9,] ap sUOTIeISosIUeW 
SISIOAIP S3] JUSWWEIOU ‘sWIQUI-d]]9,p ]JaANOUdI 9s INb sa1S19U9,p 9dINOS : a[qe[eANOUIaA JId19UI,p 39IINOS 
‘SagJBW Sap 919199 19 ONbiwWIdYyI0IS dIT19UD ‘J9IIP d1IeJOS UsWaUUOARI 
‘ASSEWIOIQ “JUSA ‘JaINjJeU zed ‘ajoNed ‘uOqseyd ‘(sITegJONU UOISSIy Jed) wWniueIN ‘ned,p sInyd sj}dwWoxa 


Jed ‘ayinpoid ysa_ 931913}99]9,] op ajanbe] ap ansed e sirewnid a1319u9,p 901N0S : aaTeUIad aId19Ua,p 391N0S 


‘anbiij99]9 91319U9,] ap 
Janqiisip nod 31}j9wWsuel} ‘a1iNnpoid ap yso yediouid ynq 9] JUOP sWISTURTIOO : 9719T41999[9,p IT[qnd sd1A1ag 


"SIAR 


aipulow ne ssieyd oun yUawanbijyewojne IIANOD & 9}9I1d 4so ‘ayewWIxewW dsdURSsINd Fe] a1INpoid sues ‘Inb 
}9 ‘Ne’asgi 3] SURP SDIAJOS UD VSIW JUSW][991 Isa INnb dAJasSo1 Bp ddURSsINd e] BP UOTIOg : 9JUBUINO} JA1ISIY 


L6l 


‘a]QIej JUIWIIANL]II 
aourssind oun jUuaWaTjenyiqey UO sajosi xneaseai say ‘(UdIPeURD PION Np ais10Uu9,p uUOISsIUTWIOD 
ey ‘ajdwiaxa sed) neasoi aijne un dace 9}90UUO0DI9}UI sed 3sa,u INnb 9]1011}09]9,pP Neasay : afOSI neasay 


‘UOIX9UUODIOIUI, Pp SausI] Sap Jed 
Xnd 91}UD S9I]91 SjanplAIpul senbi1j99]9 xneasol xnop SUIOW Ne.pP sNIsUOD Neasdy : 9JIVUUOIIIJUT NvIsIy 


"(snjd 33 s}JOAOTIY SL] JesQuas ud) UOISUd} dINeY 
}UBINOD ap UOISSIWSUeI) Bp 19 UOTONpOId op suONeT]eIsUI sap sqwosug : uOIsUd}] 9yNeY INbi33399]9 Nessoy 


‘snjd 19 S}JOAOTIY ST] Ap SuUOIsUa) Sap SNOs Je19UNs Ud IIeJ as IOdsUR 
a] ‘nessei np soyediourid sarsed saiqne,p 19 yUaWauUOIsIAOIdde.p sadinos sap aijua gINWUeNb spueIs Ud 
9UDINI99]9,] Bp JoWodsues inod sasiin ‘939 ‘sinayejnUIWIOD ‘sINdyeWIOJsUeI] ‘sousIT : jAOdsUeIy ap Neesoy 


"sguuoge xne sanbi4}99]9 Sad1AJas Sap Joinsse inod sasinbai suoneyyeisul Sa] $ojn0} 
DIIP-b-3S9,9 ‘sqUUOge Sep UOI}EJUSWTTe,p s}NdIID say yo UOTNGINSIP ap seus] sa] ‘saysod sa] ‘y10dsuesy 
3p Sous] So] ‘jUaWIOUUOTIOIs ap sajsod sa] ‘siIndyeWIOJsUeI) Sa] ‘SayetjUad sa] puaIdWOd 931911399]9,p 
nease1 Ul) °9}1911199]9,p dQqnd sadiasas UN, p sag}I.UUODIIIUT SUOTIET[LISUI Sd] SAINO] : 9z19IIJIe[a,p Neasay 


‘(SUIOWU 39 S}JOAOTLY pp) SaTqrej JUDWIAATILTII SUOISUD} Sap SNOS JUdUTaTeI9UaS 
We} IS UOTINQIIISIP eT “UOTSsIWSUeI} Bp Neassi Np sNJed & sadueISIP SdIINOD ap INS syUdTJ[I xNe 931911199]9,] 
Janqinsip inod sasiyyn 339 ‘sinajdnisajul ‘sinayeuOjsues ‘sausI] sap asjquiasuy : UOTINQIIASIP op nessoy 


“SUOIX9UUOD ap 39 931911}99]9,p WIOdsueI] Bp SsausI] ap Neasoy : Nvasay 


“sajqeydaooeul xneoalu 
sap & neasoi 9] suepP UOISUd} ke] 19 BDUaNbIIj e] YURAD]D ‘SAISSIOXS OSS9IIA DUN DIAL JUIUUOTIIUOJ sodnols 
sa] ‘seyoueigeap sed juos 9u S]I,§ “sad1syei9Ua3 say Jed azInpoid souessind ke] Jaqiosqe Inod oajuesTyjnsul 
s1oje 3S9 os1eyd ey] ‘osadnood juawanbsniq 939 & os1eYd ke] Op ajied spueis sun ‘9dUddIN 9UN_p 9ajINs 
eB] & ‘IS astid siojanbjanb 3sa ainsaw 93190) “Neasei Np 93S91 a] SueP INS JUsWIDUUONDUOJ UN IUD}UTeEW INOd 
anbiij99]9 Nessel uN suep saueso01}9019 sednois sureii9d ap JUaWIdYyoULIGaq : sauad0.1}90[9 sadnoid ap jofsy 


‘JUDWIISeSUD, | 
9p aspoiiod ey] yuepued aouessind ua juswauUOIsIAOIdde un sduia} 3no} Ud JaINsse,s Bp Inq 9] Ssuep dI}qnd 
DNAIOS ane UN ke aj9Y49e dI]Qnd adIAJas uN.nb ‘agIN0sse sIBI9Ud }9 ‘9OURSSINg : 9UII9} J4N0D & JdURSSING 


‘gye1JUdD B] IP SINd}ewWIOJsULI} Sa] SULP dedissIp soUessInd eB] snjd ‘aye1U99 
9UN.P SOJTeITIxXNe suOTET]eISUI Sa] Jed saqiosqe snbis}d9]9 soURSSINg : SaITeI[Ixne say red saqiosqe aduRSsINg 


‘(syeMESIW QS ap ayeuTwWoU ddUessINd dUN JOA nad 9Uaz01399]9 adnois un ‘ajdwoexe sed) 4191AI] 
no Jojodsues} ynod neasoi un no uONe]][esUl oUN.p jUsWI]a9 UN.Nb 931011{09]9,p s]eWIxeW 9sINUeND 


no ‘(swemesow OS ap souessind 
aun daIpusaA jnod 931911199]9,p Iqnd solA1as un ‘ajdweaxa jed) a1s19U9,p UOSIeIAI] Op xXNe] : sdURSSINg 


‘ot]qnd dd1Asas uN & 931911199]9, | 
9p IIPUSA 9p Isa Jnq jNas a] JOP sadAtId saye1jUdD xne Issne onbijdde.s sus} so] ‘sayeIosIWIWIOD 19 
So]JalJIsnpul suoneyeysur saidoid sina] ap JUSsWdUUOTIOUOJ Ne JITeSs9d9U 9}1911199]9,] JIUINOJ ap UlJ g]NIsS 
& SajesUsd sap JUdWAaTjanyiqey JUapessod sinajonpoid sag “19-xna0 Jed vaq0jdxe no ‘dI]qnd ad1AJas un.nb 
Saiine sinajonpoid sap e jueuajiedde uoneyyeisul oun,p uononpoig : (aaAtid) ajuepusdapul uO0lINpolg 


‘quued oun.p uosies ud ndwioj19,Ul WOS Nessoi Np JUIWI]9 JIN 
un,.p no JalNIed sugso3199]9 adnois uN.p sd1AJas 9] aNb sz]IQeqoig : 39910} J}IT[IqruOdsIpuUl,p asI]IGeqoig 


961 


‘quuajue Ud Neasal UN.p 11OdsueI] ap SaUsI] Say JUSWIAATIDIIIS 
Ja}29UUOIsp BP NO J9}099UUOD ap sd UOTDUOJ FE] IUOP osnNbiNd9]9 UONeT]eISU] : JWIWIUUOTIIIS Bp 3}S0g 


‘suoneiado say 19UUOPs009 
ynod ji 39 nevasol np siuawaya xnediouid sap aigjdwoo aseun sun.p asodsip neasoi np jueyjiaAins 
3] ‘ISUIY “SISIOYD sjuIod sap ua suOIsUa} sa] aonb Isule sousI] soy 39 sodnois say sed sayiaanod sasseys 
so] Juonbipul oinsaw ap sjiaredde saq ‘saisod xnediouiid sap 1a uolssiwisues ap sausl] sap ‘sauaso1}90]9 
sadnois sap juswauuOTdUOJ ap 3e19,; JUaNbIpuT Neaso1 Np soasteWOJUT SojIeVD sad ‘“SINd}eUIPIO,p 13 
JINSIWI]91 Ip s}UsUNIYSUI,p ‘sapueWIWODg]91 Bp adinba ysa asUdd Ja) UN ‘jeIQUad UY ‘So]eI]JU9d So] SUep 
dNpojd 931011399]9,p siueNb e] ap uONedjIpow ke] inod ja ‘sausl] no sayenuss ‘sanbi1j90]9 suone]]eIsul 
sop uonejnwWwos ek] Inod suononijsul say JUsUUdIAOIC NO.p spueWWOD op o]]eS : spueWTWIOD Op 931S80q 


‘a1jqei9 No sednoo 9139 ynad 39 sdUDUIWIOD dIINpe1 UOISUd} UD UOTe}USUTTL,| NO 39 UONNGINSIP 
e] & JURJQId as NedAIU UN ke 9dJ}INpPI1 3S9 UOISUD dINeY 931911}99]9,p NeIso1 Np uUOIsUd) eB] NO UOT}eIS : 93S80g 


‘Jalauel Ud NO siquiadap Ud sInofno} snbsaid yiNpo.id as JdAIY,p djUIOd Fe] ‘epeueD NY ‘sew & 91GQ0190,p 
juey]e slow xis ap spoligd ke] JUepusd 931911399]9,p neaso1 UN suUep sJTeWIKeW SBIeYD : JOAIY,pP 9}UlOg 


‘pneys sduia} sed uonesieuwyd e] 
JUSWTJanNWIQeYy Iso ssned e] JUOP ‘919,] JUepUdd 931011}09]9,p Neasol UN SUeP BTeWIXeW IdIeYD : 939,P 9JUIOg 


‘910ZB,p 19 BIJNOS ap SapAxO Sa] JUaWAayedIOULId ‘sanbiiaydsoune syuen|jod ap 
aouasoid e] sed sarjipioe 939 & INb UOTIEIIdID9I1d op swWI0} 93n0} e JUeNbITdde,s Je1guas sWId] : SOpl9e soIN[g 


‘911911}99]9,P WINIZIOSUOD J]qQeILIZA UN_p onbiys119}9eIe9 DUN }Sa 99139]UT UONeOIJIURId eT “xNeIO} S1NOD Se] 
JOSIWMIUIW ap Ing 2] SUeP 9}191I}09]9,p xneasa1 sjudIasIp Jed ayulofuod uonedyjiuelg : 39189}UI UOTBITIURG 


‘JINDIID Bj SUEP 9]NIIID yUeINOD UN _Nbs1O] ‘Inayeyo 
ap BWIOJ ek] Snos JUsWaedIOULId ‘Jal1gJeW Np NO sjINdIID sap suep onpsiad souessind no aIs1J0Uq : S$aitIg 


‘sapoiiod sasine xne uonsoddo sed ‘911911399]9,p neosod 
un Jed sozrejsies 1UOS sagAoTa JUIWIANLIOI SapueWTap sap sayjanbsay yUepued sopoliog : ajulod ap spors2g 


‘9013e19U9S sUN suUTeIUd INb Ind}0W NO sUIQIN] : sTewTAd 1m3j0[ 


“IUDAR,]| SUBP aST]TINII 9139 ‘oredaid sioj 
aun “jnod slew JUsWAeIPIWUI VSITIIN 9139 JnNad dU UDO sNOs sIW J>IIDIeEW I] ‘afeWUIOU DIA eS Op Uy 
e] JuIN}7e & INb NO sjUeINOD suTOSaq sa] Inod s1TeyUSpsdxe 4Ss9 INb JaligVeW 3] JBAIaSUOD : WOOD SNOS aSI]Al 


"sasTUOIYOUAS 9119 JUSAIOP SUB] J]]O1 GUN Jed soIja1 sauegsoIINe]9 
sadnois say snoy ‘jeusayye yUueINOD Ud UOIXd9UUODIIIUI.P 9UZI] aINO] : aUOAYIUAS UOIXdUUOIIIIUL.pP BUSI] 


“UOTINGIISIP ap Sous] sogjadde yUswayjaniiqey JOS S}]OAO]Iy 
CII & SoinoligjUul UOISUd} Sp SoUBI] Soy ‘SoUTeIID]NOS NO sauTIeUI-snOs ‘saUUdTIZe 9139 JUdANEd yodsue.} 
ap sousl] soy ‘uoIsUd} aINeY snos 931911}9919,] op Jd}Odsues Inod agsiyn susIqT : yzodsues op sudry] 


‘JIgsUOD Ud INaUIBANOD np uonegoidde,| e ayalns 
iS9 VdUdTT] BINOL ‘anbijqnd sousipne oun saide ‘a8saua,] ap youonvu a1f{O,] 4nsS 107 &| IP IA aed 
e] ap Sawsi9} xne sdJAT[ap ‘epeueD Np 1N31191x9,] & JdINOW 3d10j 9p UOTIeIIOdxd,] JURSIA JdUDdIT] : VDUBOT'T 


‘squoiyouAs JUdIOS xneasai xnap sa] anb airessad9u sed ysa,u JI 1ed sgjadde 
Isule ‘jijeutayye JUeINOD e xNeasel xnap 91}]U9 NUTJUOD JUeINOD e UOIXdUUOdIO}U] : FUOIYIUASE UOSTIEI'T 


‘squUOgE Sep Zayd dd1AJas Np uONdns1aqUI 


aun jusWaN0}esI1QO sed oasned su dazyiqiuodsipur eu~, ‘ajyuesodwi0d 93199 Sadak Q1D0SSe JUIWIOUdAd 
un,p asneod e anagid uonouoj es 1dwias ined au inb ynod319 UN,p ajuesoduiod 93n0} op 1e1q : aIT[IQruodsIpuyT 


S6l 


‘ZUIY YO & sasleuUOU 939 B IN9199sS ap JUeINOD Np asduanbayy e] ‘PION np 


anbugury uy ‘aspuodses sed sajdho ud sautidxa stojasne ‘syeussyye sjueINOD sap asduanba1j ap s1UA : ZaH 
‘S}JOA OSL & dinatiodns uoIsua} ajnNO] : UOTSUa) ane 


‘sinaisnjd pusidwos ua inb uoneis aun suep 


sadnois sasjine sap juswwepusdspul JouUO0NDUO} JUdWATeI9U9S Jnad sUaBOIDa{9 adnoiS UA *911911199]9,| 


3p aiinpoid inod asajqwasua s9uU0T}NU0} jUdAIOp INnb saxauUUOd sjUdUIZTa Say sno} 4a 9sd1N}eI19Ua3 
e] ourenua inb sirewiid imajow 9] ‘ao1je19Ua3 ek] puaidwos ib sjquwasuq : auadoajI0[9 adnoiy 
‘ajulod ap sasieyo 


$3] IANOD Inod 9ajuaIWAIIIUI UOdSeJ BP J9UUONDUOJ & ZUTISAaP 9Ugd01}99]9 ednoIH : ajyulod ap adnoiy 
‘asi1eyo e] op uONONpal 


19 ad1eYD e] ap ose]edap ‘asIeYd ke] ap doUeSSIOIN : sodno13 si01} Ud S99SIAIP 3139 JUaANed sainsaw sad 
‘(UOTkWWOSUOD ap sainay NO ssWIWOSUOD 9}1UeNb) sJUdITD sap 931911}09]9,p UOT}eUTWOSUOD eB] J91JIPOW 


JInod swsiuesio aijne uN nO 931911}909]9,p o1]Qnd aolasas un Jed sasiid sainsay : apueUlap e] ap UOT}Se4) 
‘98e]U90INOd 


ud gWIIdxs JUsWOITeI9UId ISO UONeSITIN,p INdjoeJ J] ‘“UOTIETTeISUI,] Op oyeuTMOU soURsSsInd Fe 32 
epolisd surez199 oun yUepuad suUaAOW aZIJeYd eb] 91QUa WOddeI ‘UONET]e}SUI 93N0} INOg : 9B1eYd ap ine39ey 


‘Wyqeigeid Ja1Ipusjed UN & JUIWIIWIOJUOD 9N}99JJ9 Ja1Ig}eW Np useNUW : guWeAZOId UI1j21)Uq 
‘soiqqnd sadlaras xnap so] 


dius sojqeoijdde yuosas inb size} say asid91d 39 soljqnd sad1AjJas Sa] 391}U9 9}1911199]9,p S}ojsueI] Op Sasse]d 

SUDIOJIP WUIjap dJUd}Ud 3]]9} oUN ‘Je1QUed Uq ‘sji}00dsa1 xNeaSo1 SIN2] 91}U9 SUOIxd9UU0IIN}UI Sap 

uonewojdxa,| 19193 inod 931911399]9,p soljqnd sad1Ases xnap aijua sessed 93U9}Uq : UOIX9UU0IIIjUI,p 9}U9IUq 
“SyOYIIP 


91D1I}99]9,p uUOoTINpoId ja sUUdT]OS s1S10Ua ‘aIIeJOS sBejyneyod ‘anbreyoaojoyd ais19u9 


ap snied e : 
: yJdwexy ‘saasiyemussap suoneyyeisul soijed op ke 30 sajqejaAnoudal s15190U9,p SsddInOS xne JUsWI]eI19Ua3 
enbijdde.s owi33} ay ‘«sanbissejo» satsojouyse} xne 3d 91319U9,p sadinos xne uorlIsoddo sed ‘agsijin 


jusW931e] 9109Ua sed ysa,u Inb saIZoj;OUYIE} NO 919190U9,Pp 9dINOS : UOTINZYSGQNs ep sIdO;OUYII} NO aId19Uq 
‘udkOW 1IQap Ip SUOTIIPUOD Sap sup 


yelanyj suraysAs un suep sanbinosajs0i1pAy sayeijuao say Jed ojimpoid yesas inb oig190uq : vUUahOW atd19uq 
‘Q]QeSI]NUI YSo VONIg sITegTONU J][e1]U99 BE] Op UOTIINpod ap 9}19eded ke] ap 


ansied sun ‘ajdwiaxe Jeg ‘ad1eyo ek] & a]eIUSD eB] Bp JUdWI9}N0I1109 asTUIsUeI] 9139 Nad 9U aIZ19U9 93199 anb 
adored sgsijn ana ynad ou inb aye1jUa0 ouN suep d1d19U9,p UOHONpoId op gOedeD : afqesI[yNul aid1auq 
‘INassiuInoj Np 313 ne suOsTeJAl] Sop 


UOT}eSSad EB] 39 UOIONpa. ey yaWAed Inb UONUdAUOD 9UN,p SaWJ9} xNe sIUINOJ s1d1OUq : aqudnaAsajU! sId10Uq 
“Inayayoe,| ed 931A9 B]QSNQWOd ap nod np osejUs0INOd 


un e jes9 JUaWaeIQUaS 3Sa a;qusNnquiod np jusWade|dwWol sp aisi0ug,] op xd a7 ‘sonbiwiay) 

suonejeisut soidoid sas suep ajqusnqwioo np J3jnN1q op 19iIAN,p Inojayoe,] & s1J9WIId sp Inq 92] Suep 

ane uN ke 93191N}99]9,p Iqnd soiAJas un Jed onpudA sIs19OUq : a[qusNnquiod np yuUIWIade[dUIa1 ap aId19Uq 
“neasal 


aidoid uos ap aieipauiiajur,; sed sadieyo soy] IANO ap ajqeded isa snajayoe,| enbsio] uondnpoid ap 
INOD 3] gsIWIOUOdSE HOS anb ulye o1jNe UN & snbiz}09]9 Neasol uN Jed onpusa a1319ouq : sFWOUoda,p aId19Uq 


v6l 


‘QUST P] OP UOISUD} B] SP UOTIDUOJ UA JTIeA AsSIIdWd,| ap INdsIe] eT S191} Sap 
Jed uononiysuo0d ap xneaes} So] JauU] ap slojsed 39 ‘UOTIe1939A &] BP JOURSSIOID eT] JBIWI] op ‘uaNeNUS,p 
19 UOTIONIWSUOD ap xNRARI] Sap JON DeIJa,p eso] Wop a] sinboe e 91191N99]9,p sTusedwod ey atjanbe] 
Ins 139 sens 1Sd9 91IN9I]9,p Wodsues1) ap dus] ouN ayjanbe] ins uresia} ap spueg : (9081) nO) asiidwq 


‘g0vjd ins uonsnquiod red ajyneyod se,] ap soeyd ey e& ‘sinoj sap suep sI0g 3] J9YyIES Inod 
ssesijiin sanbiijoaja anayeyo e& sadwod saj : ajduiaxg ‘a1d19u9,p sadinos saiqne,p 190e|}dwia1 nod saegsiji4n 
SaISOJOUYII sayjaanou sa] JolNoNIed us ‘ooWI00]9,] @ jodde ej inb sIdojOuYydaT : sId0;OUYII}0.1399/[q 


"SOIIIIEQ SI] JOUIWITS NO $jJIVeIOUT 
SOINE P 1I9VID ‘DIQIOULUTY SPIE DUN INUINOJ JUSAIOP S}USWIAUIOANOS sa] NO 931917}99]9,p solTqnd sadrtAses 
so] ‘onbiza1e1}s BIWOUODE,p SOATIEIVIUI So] NWOANOWOId Inog ‘Jasifess yUaTeIINOd sji,.nb saiwiouodss sa] nod 
jusWa]Nas sguUOge sa] sed jusIeIpusidemus.u onb jusWapusl ap suoneiolswy : enbisejze13s stWO0OU0dg 


“INIPUDA 9] 39 INdJIYIe,| 91]Ud JUSWTeS9 doseIIEd 1S9 9]U9A 
aun p jUeINSII 9]e101 BIWIOU0S,] a]Jenbe] uOTas ‘a1ne uN ke dIqnd sodIAJas uN Jed snpusA sa1WIOU0D9,p 
a1319U9,] op JUoWUeJOU ‘31d19U9,,| Bp UOTIedIJIIe} op onpueds1 saij ajnwi0j : adeyred ap stwoOU0dg 


‘SIDIUUOSIES BSeq BUN INS 91919Ud,p SadUeYdI SAP JURNIIUOD Ud J]]9YI9,p SeTWIOUOSE 
sap Joseol jUsANed sadudtajJIP Sd][a1 ap JusdjUasoid Inb xneasoi soq] ‘UOTIESTeWI]D Bp sUIOSaq Sap esned 
& 919 Ud JUaSINpOId as suIedTIgWIe xNeISII Op sIqWOU pUeIS UN,p sajao enb sipue, ‘JaATy Ud JUaSINpoId 
9S SUIIPEULD 9}1911}99]9,p xNeasol sap yednjd e] ap sayjonuue sajulod sa] ‘ajdwoxs Jeg ‘squUe,] ap sUOSTeS 
SaUdIIIJIP Sap sinod ne sijiedo1 JUOS SUINWIXeW So] JUOP JF1eYyd e] OP UOMLIILA : JIBTUUOSIES 9}ISIBAIG 


‘QTEUNIXEU INITEA B] op sase}Ud.INOd syUdIasFIP 
no singjea sajusigjjIp ossedap e apueweap ex] janba; iuepued sduwia, ap asequaoinod a] anbipu ‘(ue 
un no siow un ‘inof un ajdwoxea sed) souiuiajap aporiad oun snod ‘inb aqinosd : edaeyd e] ap UOTNGLASIG 


‘quued 9un.p sio] No awaysds np yewsOU 
yUSsWIUUOTIIUOJ 9] JUePUdd onbiI}09]9 WNIIID UN JOWIIJ & NO IWAIANO & JURAIIS INa}dnAIAU] : IneJIUOlsIG 


‘sdwi9} np uonouoj ua a9}uUase1d9 
iso 9pueWap ke] snbsi0] 931911399]9,p UONONpoid ey] sp no uONesITIN,] sp UOIINJOAW : sd1eYyD op oUIWIeAIZLIG 


‘ue un 9]dwaxe Jed ‘a9ulwiiaj9p apoliod oun.p sinoos ne neasei np asjquiesud, | 
Jed no sguuoqge,p odnoiz un sed ‘guuoge un sed sgutwosuod afewixeul asieyD : a3uI0d ap spueweg 


‘sduia} ap oyun sed a1uinoj onbr1399]9 a1819U9,p aIUeNb ev] Ysa INnb ‘«aouessind» ap swAuoUAs sUTUTOD 
9SI[IIN JUIANOS 1S9 «<apURWIP» OW49] I] “J9}94Ie JUITNIA sjUdT]D say aonb 931911399]9,p aNUeNDH : spueWIg 


“JANOS e] INOd 3]qQruodsip 
uononpoid ap oioedes e, assedap neasoi np aye}0} as1eyd ey onbsioj aouasin.p seo ua astid siojied 
SI DINSIW 93190 “9IDIIINI]9,p Neesa1 uN,p 93s91 Np ndwods1ajulUl 39 INS JUIWIUUOTIUOJ 93] INUOJUTeEW 
iInod sauuoge,p odnois un,p no imaqoes uNn,p 9a}OINWDIJa9 US UOTe}JUDUTTTe,| ap uoNdnisd}U] : adERIsaTIG 


‘ad1eYyd 3]qQIej ap spolsad oun e ajulod ap spolied oun,p 
jusWaTjanyiqey ‘aine sun e& spolied ouN,p 931911199]9,p spueWAp ev] sp JUWde]daq : Bd1eYD eB] ap ade[eIIGq 


‘ue UN ]e19UaS Ud ‘a9UUOP spolied sun yURpUdsd 
nea,p sinod un suep SdAIBSQqO SiIgep Se] sno} ap onbnowywe suuskoy; : nea,p sanod un,p usasow 31qG9q 


‘yafoid np sinajowoid sap a8ieyo ajnas e] & JUOS INb s}no9d sa] anb yoyN]d suaho}jD sa] sno} ap as.1eyd 


ey & JuOs Inb yafoid un,p sjnod say sno} yuauuadwood sji.nb suas a0 ua saatid sjnood sap juan3uNsip as 
XNBIDOS $jNOD sa] ‘yafoid uNn.p juanosap Inb ‘sayqrZuejUI NO sajqisue) ‘saseurWIOp NO s}NnoDd : xneIDOS s}nod 


c6l 


"«SULI9} BUC] 
& JeUISIeW INOS» ap aijenb yuawajaniqey sa ynod ad ‘ayjauUONIppe UONONpoid ev] WUINOJ Op ayemuUss 
ayJaanou sun nbsio] ‘«juessio1d yNoOd» NO «aWId} WANED B yeUISIeW Nod» ap aiyenb juswaraniqgey 
iso 3NOD 99 ‘oJURISIXO JJeNUSD ek] Bp UONdNpoid ey] URJUaWISNe Ud jUSWATdWIIS dIUINO} 9119 Inad 
aJeuUUOTUppe g11UN,] Inbs1oO7] °931911399]9,p aJaUUOTNIppe dUN sUN,p UOHONpoid ap inogd : JeuIsIeW NOD 


‘yuepusdapul Inajonpold un, p 19I9yI",| Bp Nay Ne aydINIOIT9,] BW QW-IN] sIINpod WeAap ddIAIVsS 99 
IS dgT]eIsul aouNssind e] 913101998 INOd 931911199]9,p I1Jqnd ddIAJas uN J9UINSSe WeIABP anb 3nODd : 9zIAe nod 


‘aijqeigeid aseq ap simuenb oun_p ejep-ne 
anbisj99]9 s1319U9,p a][oUUOTIppe a}y1UN ouUN,p UONONpold ap NOD : JUeSSIOID [VUISIeW UOTJINpOAd ap ynod 


“"NUT]UOD JURINOD UN }sd 9119}}eq BUN Jed 1UANOJ JULINOD 9] 
‘(gneusayye JueINOS ne uolIsoddo sed) suas swaw 2] suep sinofno}, ajnoII0 INnb yUeINOD : NUTJUOD jURIMOD 


"NUT}JUOD JULINOD 9] sNnb yusWnbiwoUOds snjd dnoonesaq snqlisip 19 stwisuel} 3339 nad ]I Jed 
sonbi1199]9 xneasoi say suep Jreusaye yUeINOD 9] smolno) anbsaid asifMn uG ‘Z1194 O9 ap sdUaenba1j duUN 
e® JueINOD a] aonb sioye Wp uo ‘apuodas jed sjajduiod sajoAd QQ ap iso dWIOU ek] ‘PION Np onbiiswy uq 
‘9SIDAUI SUBS 3] SUBP sind suas UN SUeP JUSWdATeUIAIe s_NdII0 INb anbisjda79 JUeINOD : JIVUAIITe JURINOD 


‘solodwe ud 91NsSaU 3S9 JULINOD J] “INd}ONpUOd UN SUepP 9}1911199]9,p UOTIE|NIID : JURINOD 


‘g1jne aun Ud JIeUIAIe JUeINOD ap sdUaNbe1j} auN NO 
Jieussye JUeINOD UN Ud NUTJUOD JURINOD UN INIBAUOD 9p 1Sd UOTJOUOJ e] JUOP UOTE]]eISUT : IMVSSTZAVAUOD 


“S99UIqWIOD 
sasieyd sino] ajqissod anbiwiouoss snjd ey 19 a]qely snjd ey] siguewW Pe] Op IANO. INOd sa0]dxe 
19 Ssn3uO0d ‘sa{ddUUODIOIUI 931911]00]9,p xneasol xnop suloW ne.p JUaWadNOIH : 9z191414Q99]9,p WNAOSUOD 


‘sINsyVeEMOTTY Jed soynofoy1ry us sawiidxa 3sa inayeyd ap anbijisads uoNewUWOsuOd Fe] ‘sanbiyjaw sojUN 
Uq ‘SoINIYyWEMO]IY UD 921911}99]9,p S}0U dJUeIYNSII UOTJONpOId e] Jed sJNIQ B]QUsnqwios np (Mig) 2]e10) 
aidjeywus,] JOSIAIP ney [I ‘JapNojeVo e] INOg ‘Jou sIMNaYyVeMOTIY Jed syn yewssyi YsMUg us souIdxa 
jUsWs]eJoUNs ‘a]eI]UDD dUN,p onbiw4sy] JUSWapUsI Np dsinsaQ : Anapeyd asp onbiyioeds uoneurWwosu0d 


‘(anodea op dwWJ10j snos [e19Uaz Ud) J]IIN INaTeYd ap 39 91191119919, p sUIOfUOD UOTIONpOIg : UOTWeIIUIZOD 


‘% 89 
UOMAUD,P 1S9 OIPAP] O1eJUO,P Neasei Np s]quiasud,] Inod januue sB1eyd ap jUdIdIjjo09 a] ‘auIod ap 
as1eyd ek] 9p asejua0inod ua sauidxa yuawarjeniiqey ‘apoiiod swau ev] yUepusd ajuIod ap no ayewIxew 
931eYd ek] & BdUSISA9p opolsad oun yuepuad suUaKkow as1eYd e] op Woddey : adiveyd ap 1n9jIeJ NO JUIIITJJa0D 


‘S9]qeo 
ep NO («snqiuWO saizeq») sapI3i1 saizeq ap anynsuod ane nad unwwOd YN U- ‘syINDIIO sinoisnyd 
nO xnoap sud SOUNWWOD sUOIXxaUUOD ap iURAIIS sanbi3jI9]9 sInajoNnpuod sp s[quiasuy : UNUIUIOD JIMIIID 

"911911399]9,] JoIJOdsueI] & JURAIOS SINDJONpuUOod sp s]qUI9sSUa NO INd}ONpUOd INO] : WMNIIID 
‘gquuOp sporied aun juepusd dajue}suOd syeUNIUTW odIeYD : aseq ap asizeyD 
‘anbiynespAy asseyo ey & ajjauuolsodold 
1Sd 9]e1]U99 ek] Sp aduessind ey ‘yeAe Ud JUSWIAIeIPaWWI Nea.p NedalU J] 39 aNbid9]901pAYy 9]e11U90 
oun.p juowWe Ud JUIWAILIPQUIW Nea, p NedAIU J] JIJUd INaInNeYy op sdUdIOJJIG : (anbiynerpAy) asaeyD 
‘ouregjonu uoroees aun 3ed 


nO uONsnquiod ua (slaydap sap no sIoq 9] ‘zed a] ‘ajo1ad a] ‘uOgieYyd 9] anb sja}) sayqusnqwod sap sed 
sunpoid inadea ej ap no ze3 sap sed sagureus jUOS sad1ije19UaS So] 1UOP a]eI]JUND : anbrusay) s[esUI_D 


cél 


‘sanbijneipAy sauigin} sap juos sasewtid sinajow so] WOp ayetUd) : enbi4yd9,a01pAy aye1jUId 


"seq 1U0S 
uOoneVo|dxa,p sinod sa] JUOP sUOTETTeISUI SapUeIS ap Je1QUds Ud 1UOS aseq SP Sa]e1]Uad say] ‘aj}qiuodsIp 
ySo g0uURssInd 933199 onbsioy ayewixew souessind e suuoNdUu0} ‘jJuelIed ‘Inb 13 neasol uNn.p aseq op 
os1eyd ek] ap arsed aun no aseq ap a8ieyo eb] AIANOD InOd dasI]IIN JUdUIZTeWIIOU |J]eIIUID : Vseq ap a[B1WUI_d 


"S2]QeIOPISUOD SUOTIELICA 
sop e& onafns ana suop nad aje1Ua0 ev] ap souessind ey ‘nea,p sinod np jJoinyeu JUIWII]NODE,] J9N0]dxo 
duOp Nop inb 3a NOAJIse1 ap sed yuasweanbneid eu inb anbisjoa]901pAy a]eUsD : neI,] ap [IJ Ne s[e1jUI_ 


‘ggqyeisul souessind e] op ajueioduit 
wed oun WANOD ke JUd.UaUTIWIOD sanbiwJsYy}0e3 saeNUSD so] ‘aTUIOJIeD ud siaskaH sep uUoOIsal 
e] SUBP SWIWIOD ‘apuow Np sUOIs91 SouTe}II0 Sue ‘(JaIN}JeU zes Ne NO ZIINY,] & ‘UOqIeYyd nv) sanbru9yI 
SOTeIIUSD S23] 19 SaIeg]ONU sayes1jUad say ‘senbis}de;201pAy sayesjUa. Sa] jUOS SayejUa. ap sadA} xnedioulid 
SI] °9}1911999]9,p UONdSNpoid ey] inod saugso199]9 sodnois sinaisnjd no un JUeUsIdWOD IJeNUID : apBryUID 


"sagtjioads suonipuos sap suep JIIANOD ap ajqedeo 
ISd UOTETeIsSuUI sUN NO ds]eI]U0 sUN nb sfeWIxewW dBIeYD : (9I]IquINpoid no) uoMINpoid ap azoedeD 


‘yaloid np sinajowoid xne yuaijoid sji,s ay10dun 
nad ‘jofoid un,p sasejyueae sa] sno} juduUeidwIOD sjinb suas 99 ua saalid sasejUeAe sap JUNSuNSIp 
9S xneId0S sadejuRAe Soy ‘ofoid un.p juL[NOdIp ‘sa]qisueJUI NO sajqisue) ‘sadequeAY : xNeIIOS sadeJULAY 


‘saploe suoneyidiogid sap sugwiousyd ne sudui |! ‘sapioe sazne,p dene ‘anbringyjns 
apie, ap siinpoid inod sigydsowje,] suep nea,p imadea e] & sUIquIOD as jI ‘algIWiNn] ep aduesoid 
uq ‘sonbiw9y) sayenuss sap sajjao JUsWUTeJOU ‘UOTISNQWIOD ap saiquieyd sep nesuled ap zed sa] suep 
danolja1 ud UG “CEs 1s9 enbiwYys ajnWI0} eB] JOP ‘pino] 19 aOpout “yueIxXydse zeyH : xnaanjyns aplupAyuy 


“9wi91shs 
3] suep sodwod ap sasas issne yuaaned sazja,nb a310s ap satqisiaaol JUsWITJaNIIQeY YOS sauIqiNy 
SIT “911911}99]9,] Bp sure jUesINpold ‘sanbisjda;901pAY sauUIgin} Sap SidAel} & [EARP IIOAIOSII 9] Suep 
a919qI] 1S9 nes] ‘aIUIOd ap sapolied say yUepusg ‘ajuIOd ap sapoliod sap sioyap ud ‘jUOWe,p IIOAIOSII 
UN sUeP JeAL.P MOAIJISI1 UN,p sadwod jsa nea,] ap janba] uOjas jusWaseUsWY : adedwod sed uo}e[NUINdDY 


‘Sa]]9INILU SUOTIELILA Sa][2} ap JUepuad ajqissod sulow 93] anyonTJ anbi1399];901pAy 


ayenusd sun.p uononpoid ke] onb uodey op neap sinod un.p yqep np sayjainjeu suonelea 
Sa] Josusdwiod ke j19S dso]NWINDIe Ned,J “IIOAIISII UN sSUep oNUd}—e1 NeW : adBUISeseWIUIA NO UOTJE[NUINIDY 


anb14j9a]a a184aua,p XNVASad Sap a1sojoulutsa ] 


‘OR6I ‘SSe1g UOWRSI9g ‘UOTIIPS 37 ‘ASojoulUsa] ASsaUy J[NIWIUI 91319U9,] Op seIPUuOW 
sousJgjuoy ek] ap odde1 np 30 ‘2861 siquiasep ‘gS 999 odde1 ‘A8aivG SuiuUvjg K}ddn¢jpuvwaqg 
Ufoiq : spaan K8aauq aaning 8unaay yININUI OIPAP O11e1UO,p WoOdde1 np ‘cg6] ew ‘g ,.U UONeWIOJUI.p 
unaTINg ‘saw4ai ap wmipuadwod : anoiaoazq 3NIMUI ANO.| ep Woddei np ‘soinourw suonedysIpow 
Sap ddAe ‘So}eIIXD JUOS JJURAINS UOI}DIS e] SUBP 1a UONDaS ajUaSgId ke] SUeP Sa9QUUOP sUOTUIJOp seq] 


dISO[OUIULI9 J, 


a WXUNNV 


161 


lq Jewuswumsadxy AZ1i9uq 0197 
ssousiemy ASiouq 10j [IOUNOD “*S'N 
wintioy) ne sinjeigdwa) siney & 1N9}9e91 


(uonda}01doI1pes ap slopans JeuoNeU InINYsSUT) ININUISPpAYs]TeIIS SUdIeIS 
IN9OD NP SINOIES 3p JUSWASSIPIOIJa1 ap awiaishs 

anbiwiysorpel 9391905 

(sUUO0INOD) BsIOpeNs aslAap 

(asinds airegjonu ayqnsnqwos 

Np sslopans sjeuUoT}eU UOISSIWWO-)) puUTeUd|SUBIqQUIeYy SUdILIS 
(apans ke] ap siregjonu 

91319U9,] ap UOTIIEdsuI,p sdiod) UONYyedsunyeryUusIey SuUd}eIS 
(soilegjonu syaysap sap 32 s]qQlsnquiod 

Np UONses sp ssIOpans 939190) GY SULIaULYa|sSUBIQqUIey YSUSAS 
(apens) sinajoee1 ap s}ayoep sap yeuljy 1Odap 


(3sonO,] ep VUdeWITTV) YIOMSIEUZINIAI]A Soyosipejisa AA -YOsuloyyY 
suseWaTTY.P aesgpay anbijqnday 

UOISsaid snos ned e 1N9}9e91 

(SSUN) aydeIdry snseuysjopy eyd]Og 103091 

uonemsuowosp 39 JUsWaddoO]aAa9p ‘ayd19Y4901 

quswaddojaagap 19 dyd194901 


UOISSoId sNOS dITeUIPIO Ned & IN9}9eII 

(isang, ] op susewoayiV 

‘anbiuyse}-anbiskyd asoussy) iyejsuesuspung syodstuyse] -yosijexIsAyg 
UOISSOId SNOS spINO] Ned & 1IN9}0"9I 


31319U9,| op syeuOTIeU Jd1JJO 
sonbimouose juswaddojaagap ap 39 uONe19d009 ap UOTesIUezIO 


(epeued) 949194901 op s3n9}9e91 

(sIU()-S1¥1q) UOISsIUWO,D A1OJeINSdy IeITONN 
UONeISUOW AP Ip aiTeajINU s[eI}UID 

sonbiwoje saenbsii sap asouvinsse,p uaipeued Joog 
(stuy)-s}e1q) JeuOTeUIa}U] SulIo.UISUq JeI;ONN 


(seonbiwiayi) semesow 
(sanbi1j99]9) suemesow 


aeUIpPIO Nes & Ina,de—I 

aNeuIp1o nes & aydeis & Ind}9ed1 

JOATY AJCYO op sostegjonu sai10je1098ge 7] 

apinbiy yejaw Jed ipiosjai sopides suomnau e inayeigues9iINs 1n3j9e—II 


(jsanQO,] ap susewajy) uolUA yIomIeIY 


(apens ke] ap soilesjonu sjoins 
op 19 UONeWIOJ 9p 911U9D) GV BulUpyiqiyA Yoo JOYJaIyesSIeIyUILY 


061 


dHAZ 


Vaosn 


ULHL 


XUN 3° NUN 
OUN 
ddN 

OVIN 
THN 


IMIN 
MI 20 9MW 


uM'T 
YOM'T 
WONT 
da4n'T 


OM 


et. | 


(situf-sie1q) suone1sdg JdaMOg JeIJINN Jo 91N NSU] 


dpino] neva & 1n919e9I 
apino] nea.p oursn 
ainjesodwia} ayney & 1n919e91 


WeMESIB 
Zed N¥& Iplojjas 39 BYdeIs Ne s1I9pOW ‘JoINJeU WiNntUeIN | & 1nd10e—I 
zes ne Iplojjail 1n3jde91 


sopides suoijnou & Inajye19UasIIINS 1n3}de91 


anbiwojze 31319u9,] 9p suUdadoINs sIneuNWIWO 
(siurq-sie1q) Aouaesy uonsej01g JeJUsWUOMAUA 
Epeues) Sadinossay 19 SOUT ‘d1d1I9UTq 

(as0ueI.J) BdUeI ap 931191119914 

souWIT epeued np onbiuiojie a1319uq 


(stuq-sie1q) Adi9uq Jo JuswIed3aq 


(apens) gsindg asregjonu 

d]QuUsnquiod np sI1OSIAOId 9BeyIOIS ap dfe1}UdD UOT}ET]EISUI 
anegjoNu syo19y4901 ej Inod suusdsdoins uonesiursiO 
epeuey np onbi3jde]9 aye19ues s1usedwod 
YIMSUNIG-NesaANON Np anbi1399]9 s1319Ud, p UOISSTUIWIOZ) 
(s0ue14) onbiwojiy s1319Uq,] & JeIeSsIMWIOD 

anbiwiojze 31319U9,] 9p sJONUOD sp UOIssIWWOT 

uOISsaid snos spinoy Ned & AGNYD 4na10e—I 

onbiuesio sigew Jed Iplolja1 QQNVO 1n919e91 
dURT]INOG sIeUIPIO Ned & AGNVWO 1n9}0e91 
umntueI()-UINII9INIG-epeENVO 


aUe]]INOg ned & IndjoeOI 
(SUATIOVOIPeI BP] OP JINsowW sp o3UN) Ja1onbseg 


ylounos Asiduq JesjoNN uedIoWYy 

SJIDVOIPeY s}oydaq Sep uOoTses e] Inod aJeuOneN sdUddV 
QUUDIPCULD JITeI]ONU UOTILIIOSSY 

(syoNny) snbiwoje s13190u9,] op speuOT}eUIIIUI DDUASY 
Zes Ne IPIOIJoI QOUBAR INIINeOI 

(stuy)-s}e}1q]) UOISsIUIWOD AZI9Uq DIWOIY 

9}1911}99]9,] Op 9UUDIPeULD UOTIeIDOSSY 


j10dde.1 a] SUBP SISI[IWN SaISIS 39 SUOTJBIAIIQY 


d HWXHNNV 


681 


add 


WOLVYNA 


avo 
NugO 

craye) 

aNaao 

vad 

va99 
YMHd-NGNVD 
ad0-NGNVD 
M19-NGNVO 
AGNVD 


UM 
bq 


OANV 
VUaNV 
ONV 
VaIV 
YOV 
OaV 
AV 


Je19uad Ina\IaNIp ‘JJaqdwey dig 


uvadan ‘SASNAS 


881 


JBIdIDWIWOD INd}DaIIP ‘aaT “Y 3AI1S 


soureumny 
SOOINOSSAY 39 UONeISIUIWIPY ‘AIBojouYyII] ‘SadIAJOS ‘Je1QUuaB IMdID0IIP ‘JJJOM “JT WwW 9IqQoY 


uonedige. ‘je19ugd InajaNp ‘poosqeyH ‘q 190g 
juapisoid-3d1A ‘puryiem “YH Aue 


BCULY ‘UOISIAIG SJINPOIg [BIIPIW TOAV 


yeqod ne soaI] suOTIeIOdG ‘INd}DEIIP ‘YOIMSIOA, UYOL 
sadoiosi sap sijenb e] ap ajoUOZD ‘Inajda1Ip ‘puowNIG plAeq 
quapisgid ‘JIIN,.O ined 


eyeuvy ‘Aueduiosd [eoIWIYydOIpeYy JOAV 


G996[ IDU OZ a] ‘DMDNIQ, p Uu018a4 D] SuDpP a]1MIO0D np juawmarv]daq 


d1I1UIZU] | IP JaIsluIW ‘sgIZUOD Np sosejye Sap aisipersods ‘ney -qy 


Aueduio;) 139M0g 94nG 


quswaddoyjaaag ‘a01}d9eIIp ‘sawyjOY suriq 
SOJLJUIWIUIIANOS SUOTIE]IY ‘WUapisaid-sodIA ‘ssulTIg UIAIY 
anbisaieis uonedjiuelg ‘ajUepisaid-so1a ‘OavIq eoIpUuy 


‘uy ‘YIOA MIN Jo Auedwos uosipy payepljosuos 
‘sayeiguas sollejyy ‘juersturwpe juapisgid-a01A 49 Jlasuod np juapisgid ‘Aemuod ‘“[ uyor 


juapisoid ‘siaeq ‘We premMpy 


SIU(}-SI¥Iq SIP IIIVI[INU I13.19U9,| ap [TasuOD 


IHEQIINU UONUIUIIIBII IP UOISSIWIWOZ ‘1d]]I9SUOD ‘sIAeq 1eq 
Ja]]{Igsuod ‘asuny *S WOL 
dIQTJIBSUOD ‘URPIIDYS ons 


$yUB}UISIIdII SIP JIQUIeY) LE] IP 93191.1999]9,] WP 39 9IT19U,| IP 9}1WIOI-sNOS 


anbiji19 assew ey] Ins jofoig ‘suossog usy 
anbnyesisus anbrijod ey ap so1euUOps009 ‘YdJaM UDZBTYIeD 


stuy)-s7e71q Sep d1jqQnd 4919}UL,p 9Yyd19Y4I01 ap adnoiy 


LSI 


SEIPIW So] 39 jqnd 93] JaAe SUONIR]AY ‘WUSpISaId-adIA ‘UIAISPJOH “y [IeD 
sanbiuysai sawwelso01g ‘Waptsaid-adIa ‘Jasa1g “y uYyor 

SaTJalsnpul suoneoiyqnd 19 suoneosunwWO? ‘UapIseid-ddIA ‘1aUIN] [neg 
yedioutid yuapiseid-dia ‘siey [Ng 

Jei9ues Ind}d9IIP-jUapIsoid ‘1asul “gq pjorey 


IIT1IIUI,P IIBVUI UI UOTJBUIOJUL, P UTBITAIUIE [TISUO) 


anbijas19u9 anbiyyod ey ap aisAyeue ‘JOH Ye 


SOIVTUCIIO SIITEIJV 
Sap 19 ayeuOneU ssUZJIq Fk] BP UOISIAIG ‘SoTeUOTIeUIIIUI SUOTIEIII UD aysITeIOVds ‘OWA “L slouRly 


31319U9,] OP 19 SaqJainyeu 
S9DINOSSII SIP UOISIAIG ‘SaIqQHsnqwod sap 19 xneIQUIW sap UONdeS ‘joys ‘suslyeg “q [1eD 


anbiynuarios anbiiiyjod 
B] INS BYdIBYIOI ke] BP UOISIAIG ‘IZDURAR JISOJOUYIE) ke] AP UOTIIAS ‘Jayd ‘YRINIQ “JT Weqoy 


jedisuiid aysiperseds ‘Ajjauuog “YH use 


S21ZUOD NP 9YI12YI01 Ip IdI1A.19¢ 


sa]eUOTLUIJIJUI SUOTIE]91 Sap yedioulid aysipeiseds ‘1d}yoYyIS ‘gq sue 
saousipne p siagiew us juegjddns juiolpe anbiprinf sayjiasuos ‘oyuas °4 ydesor 


a1qusnqwos 
3]9A9 np uonejyuswe3z01 ap sionew ua juiofpe oanbipunf sajjiasuod “Aqaiy ‘yw wens 


SajejUsWIIUIIANOS 39 Sanbijqnd sairejsy ‘Ind}991Ip ‘UOJUDGq plore 


JIIVJ[INU UOIJLJUIUWII[3I1 B] IP UOISSTUTUIOD 


IINJDIA “W sower inajyeuas np nesing ‘aiped ‘ssa UATE 
JUsWIaIpPedUS, p JaUUOSIOd ‘IOUseAA VSINOT ATeW 
jUusWIaIpPedUS, p jauUOsied ‘1ado00D ‘§ ulwefusg 
SI[J9INJEU SIIINOSSI1 SI] 39 JID1IUI,| INS JeUIS Np 9}IWI0OD 
enbijas19u9 ddUIsIN.p SUOTIENIS Sap 39 
S3]BUOTILUIDIUI SaIeJje Sap neaing ‘;euoneusajul awweIZ01g ‘aUIOlpe ‘ZIIMITHWITY We epuen 


31319U9, Pp IIITEW US UOTEWIOJUI,| 
ep uonsay ‘aiegjonu np 39 JUaWde]dWI91 3p sajqusnquwiod sap nesing ‘WopOxXIN ueG 


91919U9,p s191eW 
Ud UONPWIOJUL]| Bp UOISaD ‘saguUOP sap asAjeUe,| op 19 SUOISIAgId sap UOISIAIq ‘UdLIg,C Asi9g 


981 


airegjonu s1319uUq ‘311e1919aS-snos nv ayeldads ajulofpe ‘yeaAON uUY Ale; 


SJIDOIPLI SIBYIOP Sap IIAIO UOTISIS ke] ap Neaing ‘suonNey]eisul 
sop uonesieso] ey] ap ia juawaddojaaap np neaing ‘inayalIp-snos ‘uewziyjeg swWoler 


SOINDIIIIXS SIITVJFY “UIOfpe 311819199S-SNOS ‘UOSWETIIMA “H Pseyory 
aegjonu aisi9uq ‘yediouiid jurolpe o11ej9190s-snos ‘young Jaq 
9118}919S-SNOS ‘YSIeD ‘sf soposyL 


d1S1IUA,| OP I19ISTUITA) 


91119199S JaTWIIId ‘MOZseTH ssoy 

941bJ9199S JoIwaid ‘pati. ueyeuUOL 

(Jd1DWIWIO)) Jd]TI9sSUOD ‘saNHd| ADIV.d “L 

(e1W0U0d") dIISTUIW 19 UOISSIWT ap Joyo-snos ‘WJneZaq “YY psreuosy] 


epeues np apessequiy 


S86 1Du fp nD YT Np “(‘D'q) uojsulysps, Y anwoy) np juawarvjdaq 


Ina}de1Ip ne yurolpe ‘ayjany a7] sasi0ay 
INIIIIIP VB]9YD SeaX 


Avypoes ‘sairegjonu sanbruyse} 3a saouatds sap [euoTjeU ynzI}SU] 


inada1Ip ne yulolpe “yessnez puewsy 


SIIB, ‘SJIJIVOIPeA SJaYIOP Sop UuOT}sed eT InOd s[eUOTJeU adDUaTdY 


juapisoid ‘ulaneyD sydjopy snaieuas 


slivg ‘epeued-s0uely UOTIeIDOSSY 


SIJCUOT]BUIOIUI SUOTIE]IY ‘JUaprsoid ‘nvauney sdaj-d11I1g 


slieg ‘IwoJeWel | 


So]PUOTILUIIIUI SUOTILJAY — UOsTer] ‘ynequuey oddiyjiyg 
a8o0}OuYydIaT &] ap Indjoa1Ip ne julolpe ‘JowWWeY 191g 
usWwadinby jo a1sojouYysIT ‘1Ndj99.1Ip ‘eIDYOeD 91191 


stieg ‘onbrwiojze s1d.19uq,] & JVLIBSSTUIWIOD 


ssl 


anbiwou0dss Ja]]1asuo0d ‘uvaTIR|y UT 
sanbiyyod sanejjyy ‘Jayjlasuod-asjsturw ‘neoune o1Ja1g-uear 
sanbizijod samejjy ‘Jay]lasuod ‘asepy 1aqoy 
anbiyiyod sayiasuos ‘yWopng ulely 
slieg ‘epeues np opessequiy 


aouely 


INIIDIIIP ‘Jassay] ‘qd sneyy 


uassy “DY Y1IMSILIZIAIYITY SPYIST]LIISA AA -YOSTUTOYY 


BNEIJINU 9}INDS ke] Sp 39 VINIeU Ee] BP UONeAIaSUOD 
RB] ap “WaWaUUONAUA,| IP [eiapajJ iogIstuIW ‘oITeyUDUIATIeEd yeIG.p asTegINEsS ‘JaUaNIg uIeW 


adojOUYyIE TL 
Be] op 3d aYydIOYyIIYyY ke] ap JeJopo} sioistUIW ‘oITeJUDWIA]IeEd 3e1q,P dsIIeJQINVS ‘ISqOIg WE2qQTV 


uuog ‘sudewa|[V,P 2e1epaj snbijqnday e] ap juaweutsANO0+y 


(j10pjassnq) epeueyd np jeiguesd jnsuod ‘19yeg stuUdG 
MASZOJOUYIIT 19 VUSTIS ‘aUyON7] UeNsYD 
anbiyyjog SEEN ‘niay preyory 
WNOJOUYIIT 12 9DUIINS ‘aIIT]IaSUOD ‘asnoyO] useINe|W 
YWOMIIC “LM 9UITIIOXY UOS 

uuog ‘epeues np opessequiy 


dUSBUIA|TY.P e]e19paq onbiyqndsy 


SOdAIIS Sap JUWd}IVdaq ‘Ind}da1Ip ‘UIsSUO| INYUY 


IBUIWIEYISQ ‘IPaNg ap sd19U9,] ap 383q,.P 21d9y 


juapiseid ‘wojsinfg usis 


W[OYYIOIS ‘pang L] IP SairespoNuU sa]qiIsNquiod Sap ja SJaYydP Sap UOI}sad ap 339190S 


anegjonu uorsiaig ‘jafoid ap in9yaIIp ‘Japury 413g 


dITEITONU UOISIAIG ‘9I1INDVs eB] Bp 19 SawaysAs sap asATeUY ‘JoYd-sSnoOs ‘[]JaA9q WeUUdT] 


psi 


JITEIJINU UOISIAIG ‘9ILINDIS eB] ap 19 SaUaisAs Sap asAjeuy ‘WUapIsaid-sdIA ‘pueNs]aH 1g 
DICIJONU UOISIAIG ‘SATPIIUI Sap JdIAJIS ‘JUapIsaid-ddIA ‘SIOJILPY SaeyD 


enbija3190u9 
a1sojouysea) ek] ap uolsiaiq ‘juawaddojasap 3a sydoyoy ‘jUapIsaid-ao1A ‘JaUqnTY Jem 


suldoyAn ‘gy Aluyepid10uq YIASpnjg 


SoilegjONU SJaYIEpP Sap UOISIAIG ‘IN9199IIP ‘AQIION UdIOS 


WI[OYYI0IS ‘apans e| op a1IeapINu atd19U9,] ap UOTJIadSUI,p NeIIng 


DIQIOULULJ DOIPIDIIP ‘SIOJTeIS CYTES IL 
Jeyd ud Inotugsul ‘]JapAY STN 
INd{IIIIP ‘319QIIPOS JOIO 


W]OYyI0I¢ ‘asindgs silespINuU s[qusnqwiod np sfeuoTIeU JId9y 


SUONeIPeI SI] 917U09 U0T}99}0I1d ap jUase ‘uOSssUBYyOr FeUUNDH 


WI]OYYIOIS ‘SUOTJLIPLA SaT 913U09 U01}99}0I1d LT Vp [BUOTIeU INSU] 


syafoid ap inaydeup 19 yedioutid inatussul ‘UIPO ‘J JOY 


SutdoyAN ‘d1TeVapINU UOICULIOJ Vp 39 9}LINDIS 9p 91jUI_ 


yodxo ‘sjuvID9yT SIT] 
1814] ,P 91181919aS-snos ‘Siaqiouuy JOY “W 


W]OYYI03¢ ‘91d1IUT,'] IP J9 JUIWIIUUOIIAUA,| VP 919}STUTTA] 


JNSUOD-IdIA 19 JIILIDIIES DUIIISION ‘ZIZOY “f AIOBIIH 
sUMOIG ‘g SIUUdG B0Ua]]90xq UOS 
W[OYYI0}S ‘epeued np spessequiy 
apang 


S86 [144D 9] ND § np ‘aouDAY Ua 
ja auspua}]V,p ajvéapay anbijqnday ua ‘apans ua ajimo) np sjuamasvidaq 


juapIsaid ‘1osdIgH Ie Wes 
suIpreoury “da0d yuswidolaA9g ALNTIOSAY 


esl 


(OJUOIOL) SoUIIIUI SUONE]IY ‘sayeyUIWIUIIANOS sUOTIE|ay ‘aishyeue ‘fJaqdwieD ‘q UoIOWIeD 
1UIOg Se|sNOd Ip ajeIWUID ‘aje1Ud9 eB] Bp INd}DaIIP ‘peoig sa] 

INdjd91Ip ‘UOSpIAeG ]]AIeq 

suonelado sap moaiap ‘poo uelg 

sousaqUI suOnR]ay ‘asInbs ‘gq Also] 


UOJIIALTL ‘OAPAH OL1ejUGC ‘jusuIdOTaAVGg JIMOg IvapIN sonNIg 


d1u98 Np InaydaIIp ‘yoenq sluudq 

sjaofoid sap inayoenp ‘xod Woe 

saiegjonu syinpoid sap uoTesielsJaWUWOS ek] ap INaaIIp ‘YyINWS soweLs 
juspisaid ‘uewapus0y [neg 


adpliquie, ‘epeuesd XOIIIMA 2 Yoooqeg 


UONESITEIDIBWIWOD &] IP 19 S9JUDA SOP IN|,DaIIP ‘ssZUg Ary 
Je1gueds In913911p 39 JUSpIsaid-aoIA ‘suuTP, “q uUelIg 


BSNESSISSIA “OUT ‘EPEUL. Jassaig/ULTIIUOSEIY 


juopiseid np jindexo jurolpe ‘uoiuTeY N plaeq 

OIpAH OLIeIUG Ip JJaUUOIIUOJ DIU] ‘JUapIsaid-soIA ‘pnijsjosuy uYyOr “] 
sonbiuyse} Sdd1A1as Sap s]JaUUOIDUOJ 91IUF] ‘JUAapIsaId-adIA ‘HATS “Y stuUusGq 
oenbiuysay ‘uapiseid-so1n ‘audispyueA “WH 

juapisoid ‘uosmeyT *S u0g 


BdNeSSISSI ‘VIIWIY ‘epeueD np snbrwojye sid19uq ‘QQNYO suonesisdoG 


XNelIa}ewW Sap 3]OIJUOS Np INdJDeIIP ‘Binqusaeis ‘vy sower 
SOUSA SAP [e19UdT INIOIIP ‘aTPIAUTe] VOLUN 
Je1guasd Ind\Ia1Ip 19 JUSpIsaid-soIA ‘Uapry UeLIg 

BMeeg ‘py] sulmnjoejnueyy IeAuy 


SODIAIIS 
19 a1319Ua,p sawiaiskS ‘sallegjonu sajqusnquiod sap uoNuajnuey — IMd}DeNIp “sey “y AaAIeY 


C8 


SIDIAIICG 19 BISIBUI,P BUWIIISAS ‘SoITeQ}ONU Saqusnquiod sap UOTJUdINUe|Y — INdIDEIIP ‘UIMIT DARG 
SIDIAIVS 19 BIBIIUI,p BUIdISAS ‘SoITegTONU SJINpOIg — INIIDIIIP ‘UOSsEM “YW ULIG 


SODIAIIS 19 919199, p 
SoulaIskS ‘saieajonNu sajqunsnqwiod sap uonusinuew ‘uUONeSsITeIoJowWwO0.s — Ins}eNp ‘ueseIq [IS 


SODIAIIS 19 d1d19U9,p SawaishS ‘JUapIssid-soIA ‘pyaljoyos jneg 


Yysn010g.19}9g ‘3d}JIWIT epeuey np snbi4399[9 ae1gued studedw0; 


896[ SAD £Z ND QZ NP ‘014D]UQ,] AP 18A,] 18 PNS a] SuDp aj1WM0D Np Juamagnideq 


sonbijqnd saieysy ‘d011001Ip ‘sueaAgq “q eUulOT 


sonbiuesew 
souigisks sap uondaou0d ey ap ajeigues uonsend ‘enbruysa) aysyersads ‘10jAey “y WRIA 


IIBOLOIQOIPel &] Ip s[e1gUaS UOTIEIIG ‘IoUJUaDH ‘YZ UeWION 

XNeIO] 91919U9,p SaWIaiSAS Sap a]JaUUOTIDUO} OITUL) ‘Je19UNS IND}D0IIP ‘YOUAT “I pyesayH 
UONLIUSUINIJSUI,| IP 39 SJUDWIIII Sap UOISIAIG INa\DeIIp ‘dday ‘w Apny 

$1n919e91 Sop UOTIeVO]dx9,] ap sye19UENT UOTDEIIG ‘Indep ‘nsiqyeq pleuseg 

SJaYIEP Sap UOTISad e] AP SIZOTOUY IE} FE] SP UOISIAIG ‘INdDIIIP ‘YOMsSITIeYD “H pyeuog 
91UkS Pe] Bp sa0uaINS 10 onbiskyg ‘JUapisaid-doIA ‘UOT SeTSNOG ‘Of 

sadojOsi 19 SJUBWIBUUOALI Sap UOTIeSIINF ‘JUapIsaid-aoIA ‘sey “yy PIeMOY 

$1n9j9e91 sap juswaddoyjaaaq ‘JuapIseid-adIA ‘usdIH “gq ydyey 

JOATY A[EYD ap soseasjonu saso0yesoge’] ‘je19ues inayenp ‘Asarey ‘f 1919g 


JOATY Y[VYD SIIATY Y[VYD Ip Soareaponu s3110je10qgey] 


S861 SAU |, a] “4aAIY Y1DYD ap Sad1vajINU Sas10jDAOGD] XND aNlWOD Np juamaonideq 


"sadeAOA S3S 9p SINOD Ne sa}{Nsuod & 9}1WOD 2] anb souuosied sap 
19 SOWSIULZIO SAP 93SI] BP] INIOA “a1319Ud,p JIOTJeWI UD sadURSsTeUUOD Sas IIpuojoIdde.p ulze JasUeII9,] B xNap 
19 OLIEIUQ Ud SJUdWIdeRIdap sio1} 9Nj99jJJO & SAdINOSSAI Sap 19 SoUIW Sap ‘dId19U9,] ep JUsUeUTIOd 9]1WIOD 97 


9}1WIOZ Np sjusuade|daq 


O AXUNNV 


Isl 


P Ksuwecy pyace’ bigeqeur . . : 
; Ancyev ayers Besta ¢ 1trey +" 


BG BILLA Aice-brezaeuc’ jecucicpce satay rid 


DELI 
bt Bobowls® bicuis: aice-biceepeue’ 
a 7 } “ y 


7k 


ri 


a: life Ps 23 } 
2 
: = 
p pos hiseyeusy 
- 2 i "| 
SUEY BUY yeemER TCE : 
1h" busaiqeur 


yom cm: igonee 2 


eee, A WS 
er CRAG! Sy Ones eS « 7 
ee ee eS ES Se 

ai => ee ee aap & 2 £66 =e 


(Peay ned # 
23 | Metqreiane) ¢paPerg | yy 
es 


‘yuapisaid ‘arey yYoUUDY “Pl 


th 88/90/r 1 > MITAVY Ajajeg AvapINN) O11ejUQ,] 9G 


"saydIayoay ‘Jusprsaid-aoia ‘Alseg py 


‘UOT}EIVUIH 
‘juopisaid-ao1a s91woId ‘efuodes 133;e 


cP 88/50/01 . : BIPYW-sues] oq 


‘yuapisoid ‘a0 ydyey 
> SIJBIMOSSY puw YIIWS ‘9I1IO] 9G 
‘quapisoid ‘Ajay uelLg 


I 88/0/01 : SuUIQ[NSUOD 9dINOSaY IIqIFIA) 9G 


“QUISN Pp INIIIIIIP ‘IIZUdHOV] “YW'VW 
‘sanbijqnd sairejyje sap inojoosp ‘uosdwoyy Alay 


Or 88/€0/r0 : YOIMSUNIG-neaANON 
np anbi179a[9 aB.1aua,p UOISSTMMWOD FE] 2d 


dNITISeYy 978 SUIOUID |, 


621 


6t 


8t 


Ee 


ve 


38 


g[no1se gq 


88/€0/C0 


L8/cl/9l 


L8/TI/ST 


L8/C1/10 


L8/L 1/61 


a1eq 


‘yedroulid g190sse ‘ansiy plaeq 
‘juapisoid ‘aiowsseg jjor 


> JEUOTJEUIIIUT SIJVIOOSSW JIOUISSEY IULITJ BP] 9G 


“SOTLJUDWIIUIOANOS SUOT}E]II SAP Uae ‘ssouIN preYyoy 


‘neasal 


*SO]ISSOJ SBTQNsNquwiod Us 
juswmsuuoIsiAoiddy ‘inayoa1p ‘Aajazeg pay 


‘wodsues] puels ap neasei np sadinossal 
sop uOoNeoipIUe]g {INd}eNIp ‘UOS]aUS Udy 


‘suoIsiAgid 39 sanbiwouods sapniq 
‘INd}DAIIP 19 JOYD UD dJSIWIOUODE ‘UeUTIOY YIU 


Np sWWeIZ01g ‘WapIsaId-ddIA ‘[JIUUODIW 9UIOT 


> OIPAH O1IVIUC IG 


‘sanbijqnd saiejyy ‘1nd}I901Ip ‘MOUOyY sue} 
juapisoid ‘peay sdeT]e MA 


2 9}191.1}99]9,] 8p WUUIIpeULd UOTIEIIOSSY,| 3G 


‘JI9suOd Np jUapIssid usidUe Jo INdYDOIIP ‘I9BIPA YIN 


‘UONeWIOJU] ‘a}UdpISIId-ddIA ‘sIe]OSIe/-9UUOIG eITY 


8LI 


‘JUSpPISIId-ddIA ‘UOSTIAA UP] 
‘juapisoid ‘uosiiepy Jaeyoy 
‘]lasuod np juapiseid ‘udt1g,CO J9ON 


: QUUIIPCUBD IITBIJINU UOTIEIIOSSY,| 9G 


‘QsTegjoNuU sydIIYyIIyY “INsjoIIp ‘UIQNY URWAION 


: anbyjad1eu9 sjanbuq,| 9G 


SUIOWD | 


(43 


le 


0¢ 


672 


aynorose gq 


L8/L1/81 


L8/L 1/81 


L8/11/v0 


L8/L1/€0 


27eq 


‘UONeIISIUIWIPe,| 9p Jo UONeITIURTG 
eR] op uoNdasig ‘una,eIIpP ‘uINGAIeIG “MY 


‘SOATJEWIOU 
sopnjo Sap UONDIIIG ‘INd}I01Ip ‘a1e9g UYOLS 


‘SJUIWIJ]IOIPeI Sap 
32 SaITegTONU SaIZIWeW Sap UOTeJUSUIITZ9I eB] Op 
gyeigues UONDeIIG ‘felouas Ind}D0IIp ‘ayIAWIS plaeq 


‘sind}oea1 SAP UONeIUIWI]99I1 e] Op a]eI19UN3 
UOHIIIIG ‘Je1QUdd INDIDOIIp ‘1yZJeIeEWOG puNnwsIZ 


‘juapisaid ‘anbsaagq ‘y-'f guay 


> anbrwioje 31d.19U9,] Ip I[01jU0D Ip UOISSIUIWIOD PB] 9G 


*911911199]9,] IP UONIIIIG ‘IN9jDIIIP ‘serey XITV 
‘MIUIOUONDI,| SP UOTIIAIIG ‘INdJDaIIP ‘Jesasg ye 
‘juapisgid ‘ajpplig purjoy 


> 919.19U9,| Ip [BUOTIEU JdTJJO,1 9d 


‘JNdaxa jUapIsgid-ao1a ‘UdTIBY] [SYD 


‘astidaiua,] ap suoneyjas sap ‘juapisasd-ao1A 
19 J17eIOdI09 9:11e19199S ‘xNIT]I9A Pyeuoy 


‘9YdI9YIII Ip 939190S ‘uopisoid ‘19ydIeH URIS 
‘juapisoid ‘Ajauuog sower 


> SdJIWIT epeuey np onbrurojze a1d.19uq,] 9d 


‘QUBIONN ‘IaTJIaSUOD ‘UOIXIYT PIL 


‘aegjONU sIg19U9,] 9p 9 WiNtuUeIN | 
BP UONDIIIIC ‘JeIQUST INd}D9IIP ‘UOSTIIO| “MA 1BQOYy 


‘QIISIUTWI-Snos ‘1ad901y INYUY 


: SIIINOSSIY SIP 32 SAUTJA] SEP 91S19Uq,| ep s1I}STUIW NG 


SUIOUID |, 


SUIOUII} SAP 99ST] 
@ AXUNNV 


ffi | 


“SOUNWIWODS Sop dIquIeYy.) PR] Op ;eNIedu 931WIOD UN Jed UOU 39 ‘OWIQW-9]]9 dITeg;ONU 
o1ysnpul,, red g3ipa1 sia e jI.nb aimjouods ap 9)}u9)3 onbsaid jsa uo.nb suonejnseds 
soind op 39 saanoafqns sasayiodAy,.p ‘saisioyd saguUOp op SIssewie1 J9} UN So 9ITWIOD 
np yodde1 oq ‘auasoi1pAy,] 2} ‘UaWadR;dWI91 op sIZ19Ua,p SadINOS sop 39 9d91d10U9,p 
so1wouo0ss sap onbnesisug 39 onbiwouos9 jausjI0d 3] YUoOWOSNdLI9s JOIgpIsUOd 
B gyoee 4sd,$ dU IU JITeJTONU Np S[I91 Ss]NOdD So] JoUTWID}9p ns sed eu dWOD IT 


‘Io}0[a1 e] BP JUDAIOP VS Sd}eIDOWI9P-O9N so] onb 
des[ONU-O1d JUSWII[SNIAP IS 39 JjISITdWIS Is JSO 9ITWIOD Np osdyeuR | ‘JUdWOSNoINSYyTeW 
‘9uATON[go 93n0} ud uONsonb e] ap sanbruiouocds syoodse soy ins sulow ne pWesayouod 
9S 9}]1W0D 2] aonb dsi9dsa suoIAe snoN ‘auteagponu safqnusnquiods np aod np sydodse 
SO] SNO} Ins dITeJUDJUOTIed d}9nbusd oun ‘stwioId jUdTeAR,] SINd}JeAIBSUOD So] DUIWIODS ‘sed 
ynj du Inb osregponu a1819u9,] ap enbrwouodss uswexd | & Wed sipusid ap 93d999e yUO SII 
1onbinod jsa,d ‘airegjonu 33e,] & epeued np sande uOHedionied ef st[qnd pueis o] suep 
sagtnos onb apnjainbur ayjaa1 ke] jUa}D0dsa1 39 JUDSSTPUUODII Sd}IeIDOWIIP-O9N Sd] 


II[TA[PIJA—U0} 410% ap ayndap np uonesepsIeg 


ye)! 


‘anbiui0je s1319U9,| 9p SUOTIESI][N Sap 9]019U0D J] BpIes JUSUIOUIDANOS 9] onb 
aigjoid of ‘ajues ey mod saatjoRvoIpel sadueysqns so] JUajUesaid onb onbsi1 3] nA 


“OSSBdEI} 
dW d][aINSsNpul Inayeyo ap uoNonpoid ap no ureqin o8eyneyds op suy sop ke soatid 
$1919]UI sop ied soyojdxo souessind a]qiej] op sindjoRd1 sja} op guosied jOS epeuRD 9] 
onb s9pl,J “Ins JuowaANeIedwu0d onbiuiay) 1nd}9e91 UN, p I13e,S [Is IWIIW ‘QyYOdMO'TIS 
np jelssww0s juswoIojdap sx] sanoiddesap af ‘sajqejquios suosIel sop inog 


‘sailegjonu uou sonbisojouydos) suonesiyn,p yuowosddojoagp 
ne yoyieaes siquiou uog WwOp “JOVWA. IP xXNeldJaUIWIOD sin9}des sop uonesneaud 
e] & ‘aye1gua3 uodey op ‘sed yuepuodas ssoddo,w ou of ‘o1jqnd 3m9}00s 9] 3ed sa9g]oNUOD 
XNOIUW JUSTRIOS SO]JOINSNpPUI JO SogsN xNed Sop jo SJUDWITTE Sop UOTILIPPIII.p ‘SsoyeoIPoW 
SU Sop & SodojOsIOIpel op 9j}UdA eT 39 UOTEOTIQe] ey ‘NusAdI asp ddINOs 9j}Ue}IOdUITI 
oun jWeipiod TOVA.I enb sored ya ‘gatid imajoas of red assej 9s SaaTjOeOIpes sooueIsqns 
op sues sun 9)n0} Op UONeRsT[eIIJ9uUIWOD ke] onb sked np sj9i9}UI xne 91Te1)}U09 
Sd JI.nb sumnsa f red JOVAL.I 2P Sinajoas sao op uonesneaid ey e osoddo,w of ‘19dueI1}9,] 
e sed assed du 10-say]a0 ap s]O1U09 a] aonb ja saj9IDO0S saTJaAnoU so] SsUeP dITeIOUTU 
Q19IUI UN sUUNNEI JOVA enb uonipuos ey e xneoIpgu syinpoid sop uorstAIq 
e] ap 39 onbrwryoorpes 919100S eB] ap uoNesneaud ke] & sIqQRIOAR] 1S9 DIWOD I] 

“QALId INdJd9S Ne SOTJUOS 
JUDIOS oI1eg[DNU np JUsWIdddoOjaA9p Np sjoodse syueJIOduTI suIeiI99 onb sed 93d999e,u 
of ‘stojayno} ‘a}1WIOD Ne jUdWdITeEIUOD ‘SagTNUIIO] SUOTEPURWIWIODII yp] So] SOUUdTW 
stej of y9 ‘y10dde1 9] dIpudajus sasstey 9] DU onb sajyueoduT snjd juassteredde,w sounde] 
sos onb usiq ‘juaWdUUOMAUD, | ap ona op julod np ajqeido00e 39 dsIIessad9U dININj 
d1319U9,P BOINOS oUN jsd dITeQIONU sIZIOUg,, onb ‘9}1WIOD 2 sWIWIOD ‘asudd oF 


sAaupAS 94] —uoj}o1g odeD ap ajndap np uonerepIq 


SHLNADAAAICG SNOINIGO XNdd 
V AXAUNNV 


CLI 


- 
\ 
\ 
By sae +e card Sp owe? 
vi Heytnyye Pere rpom Fi: "so IIVhink® = 6 Z 
ANP Gd Sh). 2 } “und m4 
etsy Hid) # 214 qasd gaerd a ion 


aio PIO tia tet): 
PR] LETH?) ul 7 Alli ‘ r} 
Pe 0UA Sis an! un 
map G. Soyusy i ‘cay 
Petia s sr ¢) PE. 
ted ene Lipset po 
iyo: te STDS } ; 
ber. LQUITHIO BIAGLO c1GnqL” cltupie: cep azhcer qe (9 2AgOoU 
Mut joe gebec? Gcounumici ae jm beoanciou a eyes qecrudney qi masiig 
wp) 4s i@irwre> j¢ Pte) DR CMmEE STR Ge | GSILeO TSU Lictce & Ue ituc 
ROG WSLS ap nore ee CCP OLS 2 WI CPOS aie “Shlgyz) > BMH FSGHLIT SUSE 2GG 
HROTEILO” (70 Linongin perme gecQnen2 compa gs boanow qo Sonactwoman; 
bbe: wd CBSHSS TL he LTT TLE 30008 | Ci rasey) hese Cpt we ctype] | Geta |) Bie! 
BUG & BUF aft: WIE iit ipo Cum POI.E. Ones G-') BUGIS § MPPPOUEA Ge 86 
IBRHANOUNEe] PONG) TS Rorageuren NEdeLeP iC seit, Gubscan mum begasau 
Deen bhaxron POE ASS 1 CTO Ge, TEUIGSE ) Acer aS ity (9 Ore ea 


Ly gaisl 4 2. On zi . 
: ne ‘ NGTIT-Akty eaHK- 2L4G CoN live ‘UIG e |, euctkie. aNGie4: LF. Goi eure, nanan he 
DH KICGRN AGE 324°) APHGIS we CSG- p LOgteni RS 4% WI ALOSN ts i? ff 


ten Gee {LPAR CNL Oc jor Um out OMG C62 GiInduiestiGuR vaout m6 Dee 
Ssbbeteunacus ol nce. cor aetnaGe DOpEGe eNO wes SER GC LSC pee 
p agnoiel eye 0 berg onugtes pepe Desde] *@heciay2e RW) MIGIEMILSS ae, GT) 
suf bax ZOU DGLAIGG 0 SILTUTe iL Qe. Cauiae wnceaic cu Lebours 9 AY abbe| 
29s 20nneu 7 Hague Qrepes PS C¥E 4,0 heP RA oeaine Foye Sts A166) Ope 
gyRLC , Hever uT SCL OC ANGER PY COS Hoproop unin qe ppourlesy OY .e bito.ge 
fi ¥ iacebeace wdcrdicd?” CRONIN UES © Mis) FaEDUPARIS PS “ODN bei oy yee) hae 
ba Prise PP acide hit On buasarur ah ine-Qale jo Quwotus wunc/Sewesd 
ion 2 Jonah acsrese» Guus jC LOMAS BAC GURGE Pe Dey) 7 ¥ ICA oR A0bIGIG 
anus a Agjouneecnicys BQuCLN qc? 8ctlalge Gaur . para! CGLITINGE ZOCISIGE. ONE 
0 “oe Yip Fou we: 0. vi 
(ee HOLES aAaqaqety" ui HUPiMAwe ae ey Sith eee i ; ” 
opin senile Che CHYIShe any MTU pee Gran paren seerEey Yo sopitink cure; pera) Teter 
a eSuCE mh qerp hgtnisn aye hetvov uc, WtdeTAS OBPQesqco.0L ger 
poset neck | igi eespicerd aches. Saad ge tassann deena Dpeiiainiaaie’ 
A Conib my —pAatgeeagtad ctor reepurdne iia eda inl 
dna: oN. un Op ap io we Sh) POs Ne (WolorumuCS of IeeuiEES 
mric net \ AGGUE Cia DIPEIEY ci /C | 
eee oes erg INC sbetie ne ley lenis 1 
Luge = =a NACIETHLE, OPeLAg Ges jez VONAGINY 


Laat ree ; 


‘UOTIENIS LP] ap yOodse 399 JOYIe]O PIPUDIA OIPAH O1IeIUCG,] Jed osTegpoOnu 
QUIZLIO,p onbijd9[9 s1319U9,p uoTONpoid ke] ap sanbruouo0ds sjoodse soy] JUReUIZDUOD 
aieied eB sUUdTIeJUO 9pNnjid,J ‘sITegJONU JIZIDUD,] Ip sUIeWIOP I] SUeP 9dIITIQesuOodsal 
9p 19 9iInd9s op onb sure synoRoIpes syoydep sop uoNsed ep signeM ud yelOp9j 
JUIWIUIDANOZ Np uONIsod ek] sIZeUUOD xNdIWI ap UIOSaq ke dITqnd aq ‘asresjonu uoNdo | 
aindde jt ainsaur ayjonb suep sonbipur yo epeues ne injyny onbnesiou9 yusweddojaagp 
3] suep dsiresjonu o1Z190ud,, e& Jonof sire} pudjud jI.nb s]O1 3] JUeUIDDUOD dITRID 
UOTIISOd dUN ID9DUOUD WeIADP [eIOpa} JUSWIDUIZANOZ OT ‘OpljOs JOUUOTININsUI sIped uN 
Jo1oqe[s Weipnej [i ‘UDA & SagUUe So] sUeP JITeIJONU dJIISNpUl.] Jo}10ddns inog 


‘ajueJaINbUI Issne jso dIIeg[ONU dIZIBUD,] op oUTUTeIZOId 9] JUDTINOS INb d][ITAWsNpuT ssBq 
Be] SUBP JIANDO,p-UIeW ke] IP UOISOID 9)19D ‘alTegjONU Np dsWj}snpul,] inod sjusueuod 
dj19d duN yUOS suOTIeSIUeBIO Sad 9yIINb yUO Inb sasiye1dads simaT]Teaen sap siquiou pues 
Uf) “4Nd}9e91 OP INd}Je[NWIS Ne sodI[91 SayANOe sos UONsonb us jyuowwosedde yWes9WII 
3119 19 ‘oaregjoOnu usd gsITeIDads JouUOsied uOs ap oijIed 9UN Npiod & dJT]Ja ]U9991 SOITJO.p 
jodde un e dsuodai ud oireajonu ayenUs. op Indj}ejNUIIs Np ddIAIOg UOs Ied d9}UdSdI1d 
d1JJO,| Op o3Ins e] ke DISIOYD d39 sed e.U AYD ek] “9eqGaND-O1PAH,| & UdTINOS 9p SIdIAIJOS 
op snjd s1yjo.u ‘JeamUO| ap snbruysajAJOg 9]00q,] & SayANOe sos Wedsioxd Ind ‘oiresTONN 
askjeuy.p odno1DH 97 “1861-9861 Ue souUUaIpeuRd saANOR sas 9ss9d0 JUoUIWOIedde 
e ‘olregjonu oulewOoOp os] suep oaT}Oe jueAPIedne ‘aatid Ind}Des Np s[lasuod-s}19dx9_,p 
9191I90S 9UN ‘UOdIVY-VWSC be] ‘legponu suIeWIOp 2] SUP Sd}IAT]IOe SINd] 9SS9d9 NO Nps 
JUO S9IDIDOS SOUTLIIO ‘OLIISNPUI,] SUPP SdJATIOR Sop JeigUs JUDWOSsT}UDTeI Ne 9)INS 


"RJOP-Ne& 19 OGG] SOQUUP So] suep 
sonbiuysa) soousjodwios ap yenbape ulsseq un.p uonureu ne aiaijnonied uonusjye oun 
Japios5e eIAOP UO ‘nedANOU joUUOSIOd ap stInusd ke] 9p 39 DOURSSINd Op siNnd}ORdI SO] 
inod smnboi jauuoneisdo uannos ap (snjd swgw oaij9-ynod) sue Op & OF Sep ‘oiTegjONU 
suIeWOp os] suep gsijeIoads anbruyos) jauuosiod np uaXkow a3e,] 9p nus) a3du0Dd 


‘JUDUIDIURAR_P SaiT{Iqissod sayqrej sap ajuTeIO e] 19 UOTJe~Ndod 


eR] op ajueywodut onied oun.p oireajonu ne ajqeioary nod uoruido,] 939]J01 syUeIpNis 
XNBIANOU Sd] ZdYD 9AIBSqO dITegjONU Ud UOTeUIOJ Op sowUIeIZOId soy mod 1919)UT,p 


fe 


onbuew oJ ‘yuTansoi snjd ua snjd ap surewiop un suep JUdUTDDURAR,p SaiIqissod saqrey 
XNB dIQGenqiiye s1leIpswsdjul nedatu ne yoauuOsiod ap ajyiod Pe] 19 dTeWIOU UOTINe,| 
jUsWIUIeJOU ~4UOS 9WA9} yWNOD ke onusd eR ke UanqmUOD nb sinajoe}] saq 


‘OUII9} SUO] & 9IANIO,p-uIeW ap dUIaTGo1d dAeIZ UN asOod saBa]]OO sop 19 SaiIsIOATUN 
Sop s1leg[ONU Ud UONeWAO} op souWeIZOId xne s}IOSUI S}UPIPNId,p s1quIOU Np senbiew 
ossieq ke] ‘inotiodns jd dIIeIPsUdjUI xnedATU sap sojsod xne saiUNT jUeIsUT.] nod 
WOS otinued 93390 onb uarg ‘sjuvoRA saqsod say s9;quiod snod 9}usurTtIgdxa jauuosiod 
np J9ANOI) e& Sal[NoyJIp sop yuaanoids sayja,.nb juayeusis ‘aatid ya o1jqnd simajd—es 
Sop “SoUUdIpeULD sUOT}eESIURZIO SasSNdIqUIOU 9q ‘SANATIOe Sap UoUASsNUSTeI Np jidep us 
‘QITVIJONU SIISNPUI,] IP $1nd}99s Sod] SNO} sUBP INUDS JITe] VS eB ddUSTUWIOD INb jud}9dWI09 
onbiuyse} 39 onbynuaros jauuosiod ap stimmusd re] iso ajuRJInbuI soURepUd) sup 


“JOVAL OP spuanoe.p dureyo 9] 
JOIPISIOAIP JO AIZIL[D & JURSIA sajULIIOdU saInsout ap sajdwexs sep Rk] IOS 9D “JOVALI 
red juiod ne asiwi saying & UONdEI9p op SpoyjeUl BT Ins saseq yoaWaUUOARI Sp siN919919p 
So] Josiyeloiouwo0s nod ajqeia 939 & IOATY A[CYD op paves d}9ID0s su, “JOZUdTTeEYD 
op uondnysop ey] anboaoid e ds0uR]]IeJap e] JOP ‘a}y9AeU FR] OP INDOUR] Np INd}0W 
op soyourja,p sonbis0} sjurof say sJo10Tjawre e jUeRSIA sonbiuyss) sopnis,p yeNUO. UN 
TOVAA & apsioooe & sIup-s}e1q SOP [OYOIY]-UOWOW eT ‘s[osNpul 39 soseyypIW sayoiew 
XNe 9UNSEp sindjoW sep sinsn.| op ddURT{IZAINS Op JnIsodsip un yurod ne jusuIdquasoid 
JOU UO ‘}ISIA B& 9WOD 9] Onb ‘uesddN ke ons ‘SASNAS [elsOWUIOD SdIAIDS NV 
‘oilegjonu np sonbisojouyss} soaquiojo1 xne soayeioiowuios suoneoydde sap s9ano1 op 
JU9}U9} XNRIOIBWIWOD SddIAJOS Op sIquIOU UTe}IID UN ‘JOWA.] op swWeUI ules nV 


‘JUDUIDOUCUT] NV JATILIII UOISIO9p sun suUdId [e1Ops} JUSWDUIDANOS 
3] onb jueuajUIeW pudie UO ‘FIWATYL Np serqesuodssi sap uontsodoid ey] e ayns 


‘91U93 Op 39 UOT}d99U0D op sjueIOdUITI 
XNeACI] Sop nod jepipued un d]quias ‘aIZOJOUYdE] Op sindj}o9s sdd suep sodanoid9 
soouadjaduio0d sas 19 JINAIML 2] Ans senyooyjo xneaeq xne uonedionied op sdudt9dxo uos 
Jed ‘OVd.J ‘aisnput,| op sjuedionied op siqwiou pueis un,p sowanoe sop uorsuedxs,] 
red soousjoduio0o op aseq 7190 Iuajurew op daiyiqissod ey s1yjo yoloid 99 


“SUOTIVIPEA Sd] 91QUOD U0199}01d ke] 
JO SUOI]PIPEI Sop soURT[IaAINS Pe] ‘UONe]NdIueWs]9} Be] ‘onbNOgOI e] JUSUIWeJOU JUDYdNO} 
SoT]o JO ‘alTeajONU Np oINsnpul,] suep sasmbo1 saduajodui09 say onb sowgu sea] 1UOS 
SUORY OP dUISN 92199 op UOTIONIISUOD eB] InNOd sasmbeai saoud}9dWIOD sap siqwuiou puURIZ 
uf ‘venbijdde sduaI0s usa 39 ayeJUdUTepUC} ddUaTIOS UD d}UIOd Op sapnja,p JUIWIeS 93SeA 
dun & SoUuTSsap sasuajur snjd ja sonbiZioua snjd saynonsed op xneoosiej sop wesnpoid 
Inb m9jze1g]990e UN.p ‘sIe]JOP IP SUOT][IW OOP oP Mod ne ‘UOTIONIIsSUOD ek] JUDWIWIIIII 
gsodoid juo ‘JaANOdURA & DENIS ‘SUOSIT SOP 9pNId,p DUUDIPeURD s[eUOTIEU UONe]]TeISUI, | 
“JNNIML Up sajqesuodsai sayz ‘sasodoid ,suoey ap dsuisn,,.[ Iso onusAe one OU) 


cLI 


‘QALId 9199S NP sITegTONU SISNpUr,] suep 
onb JOwWaA.] & Jue) siojdwa.p sjqeioogidde siquiou un jWe19919 UOTISINboe,| ‘usIpeued 
NudjuoOd op dIONeUI UD SUTIeW-snos sap sWUeIZOId Np sadUdzBIX9 soy QUUOp jUeIq 


‘SULIVUI-SNOS Sap sUTWIeIZOId NP saiTesjONU S}UDWIIT9 So] SsNO} Inod jJuReIUOD 
jedioutid onb jue) us assize JOVA. enb gi983ns 919 & [J “gAtd Imdjo9s np siTegjonu 
BP S9IZQIDOS sap af[9o e& a9I9J91d WeINS 9UUOINOD FB] 9p gI9IDOs aonb jue} Us JOWALI 
op uonedionied ey aonb ajqeqoid sjquias I ‘atsojouYyd} op Jojsues) Np JUTeUSpIyUOS eT 
op jofns ne sinajove1 ap sjatuajod siasueNa simasstuinoy say ied saguiidxs sapnjotnbut 
sop uosiel uq ‘yUOJasIOa1d 9s ouUIeIZO1d np saduUazIxa say onb sinsow ke eIIZIeII,S 
JNeINSUOD 9]01 90 aonb AOAsId & 4sd [I ‘aITeVTONU dIZOTOUYDI) op s1geWI UD sodUd}9dWOD 
op 19 saouRssIeuUOd op ursseq [edioutid =a, aquasgidol JOVWY euro 


‘SULIVUI-SNOS Sop sUIWeIZOId Np sgidne JneINnsuod sJOI uN 9nof JUDIIUIIN9I 
® JOVA. 2P NAGNVD suoneisdg sap 30 dYdINYd01 Op 939190S ke] Op AMdTIodns 
jauuosisd op gsodwod jreaen op odnoiZ up ‘emenoO ke ouUTIeUI UOTS|Indoid ap sdIAI05 
un juessijqej}a ud npuodel e 190-d]]9D ‘osTegjonu uUOIs{ndoid sp ANndj}9e91 Np sjotusjod 
SInspusA sop uOHeNyeAg,] Nod TOW.) IP opre,] gpuewop ojms ey sed e UO ‘ouTegjonU 
uoisjndoid e& sulieul-snos Z] & QI ep NOT suN.p uoNtsismboe,.] aire} op JUoWOUIDANOS 
np uoMuUsUL,] Wesuouue ssudsjaq ke] op IIISTUIWT J] ‘OURTG SIAIT 1U9091 UOS sueq 
‘sulIeW-snos op uonismboe,p usdipeued owuwieiz0lg do] 389 SonUdARe SOD Op UN. 


‘SaTRIOIOWIUWIOD 
SONUSAR SdIINe.p JIIOpIsuod Yop YOWA,] ‘eeslepey opte., e& sINo0dd1 sp 9jISsId90U 
e] o1Inpsl op uly ‘aououue.s mb asno1d sporied ey] o1Q1IOURUT] ople sues JOSIOART) 
2P TOVA.I @ sed juomoutiod ou saynas sinajoes1 ap soyUsA sa] aonb jusptag 3so I] 


“ANA P] 99ae pro0doe uN, p sipiqissod ey JUsWIAATUDNE 
JOIpNja WWeIASp [es19p9} JWoWOUIDANOS 9] 49 ‘JOVAA OP UOTesTTeIDJIUIWIOD OP 110}j2,] 
iInod os]]JaNUIssa 389 ONDE NAGNVD UN.p o1U9A eT ‘suIOWUIURaNY “JURAR.] Op JoT[e osstnd 
yofoid a9 anb mod anessad9u atquias [e1gpey JWoUIOUIOANOS 9] SaAe Sonbsti sop o3ez1ed 
op ojusjus oU_, “OIOUeUTy JUDTOZeZUD,| Op ued a] Ins oJUdpNid 3sd dI][9 stew ‘OO¢ 
NAGNVD 2 Jnod majoyor un 9339 WeINOd YyoIMsuNIg-nNedANON Np onbiyde]9 s1d19u9,.p 
UOISSIUIWIOD VY “O[DIIS s[XX 9] SUP JOUZIO[D Dep oUN jyURAR SoITeD|ONU SUONeI][eISUI,p 
uOTIIppe | s3esIAud ajja,nb ajqeqoid nod jso ji 19 ‘sower steq ke] ap onbi3}00]9-01pAy 
axojdwods uos sp juauassipueIse,] asesIAUD dO9qQ9N%-OIpAH, J ‘“oTegJONU 91819U9,] 
Ins 9Seq eIOS JUDUTISSTIOINDe UTeYyooId 3] aonb dsinsse sed jso,u ]I sieW ‘OGGHl SoguUe 
Sd] SUBP NvdSsoI UOS Op UOTIONpOId op sNOededD LT 91910199eR eIADP OIPAH O1ILIUO,] 


6ANNAIGVNVO 
AYMIVATONN AIMLSAGNLT AG YWINAAV.T LSA TANO 


IZ] 


“OIIISNPUL,| OP [eI9UdZ OSIeTeEW J] JOJUOULINS op UOSe} BP] JIDANODOP JUsTe oITeg]INU 
S1ISNPUI,| 19 JUDWIDUIDANOZ 9] aonb sed ajquias au ji ‘jyuasoid e.nbsnf{ stew ‘oiqnd 9] 
nod un Joimssei ynod mnb 99 ‘sJnoeoIpel sJoyoap sap uoNses op owuIeIZOId 9] JossoIs01d 
o11ej Inod soimsour sop suid e stup-sieiq Sop jUsWIOUIDANOS 97 ‘sawg{qoid SIdAIp sod 
dIpnosai op uodsey e] e UNH UTeIIDDUT 91ODU Jso 9IWIOD 97] ‘sINOD Say JUSTATQeI9pIsUOD 
JOAI]9 & JUSNQIIUOS ‘soTTeg;ONU soWUTeIZOId sind] Ip UOTIeSITedI eB] JUeINp soTlUseduI0D 
soute}i99 3ed soginsse Jauuosiod np uUuOTeUIIO] e] IP 39 SddINOSSOI Sop sDdURSTJJNSUI,| 
‘sinojoea1 op sadk} sop uornessjyoid ey ‘sadnoi3 sidarp sed soozesua soajzinsinod 
So] ‘UOTIEJUDUID]S91 99199 B SNP Spiejo1 sa] ‘UONeIUDWIIZ91 eV] Op sUxo]dwOd eT ‘sjUoI 


XN 


Sinoisnjd ims saynoyjIp sap sajuOdUdI sIus-s}Ie1q Sop sesJONU sWIUIeIZOId oF 


‘onbi309]9 s1319U9, p UOTIONpOId op su93SsAS INZ] Op 
juejIodut snjd sinofno) 19 Jatuassd JUDUIZTI UN JWOD sITeZ]ONU dIZIOUD,| xNOp sono} 


OLI 


JUSIOPISUOD JUZeWIT[YV,] 19 DdUeIA eY ‘UOqIeYyS np ANnsed e& 9DINDDIO,p UuOTONpold ey 
dp MOD 9] JWdWI9UIOUS IDJVOU LID] JUSUTISSTISIAUT JUTIOUD 399 Jo ‘sonbruliay) soyemUsS 
Sind] suep sinojeinds sap Jd][eIsuI yOIADP soljqnd sadiAlos ap sopuewoy[e sorudseduios 
So] sTewW ‘allea]ONU dUIBIIO,p 931011199]9,, op Injad onbsoid jyuiofa1 uoqieyd op 
imsed e aynpoid 931911399]9,] ap nod 9] ‘onbrurs19y} uogseyo np jJonjoe xtid seq a] QuUOp 
Ue} ‘OUSeUITTY UA ‘JonjUDNNe Ss eB BIONUTIUOD JdURepUD} 93399 aonb yoagid uo] 30 ‘sked 
dWI9W 3d op JOS-Snos Np WeNxd uogIeyd np ANIed ke sIINpoid sjjJao onb ssnaynod sulow 
JUSWID}JOU 4SD DITeZ|ONU DUIZIIO.P 9OINDIII,| “IsonO,] op ousewoa]y uq ‘sollesjonu 
soyeajusd sas ap uononpoid op aioeded ev] oaiInpai JuUauIdAISSaIZ01d ap opens ke sed 
aslid UOIsIap Pe] s1sTeW ‘a][JaYyYOO opueis e 911011)09]9,p UOMONpOId sp sapoyjoW soiNe 
xne j10dde1 zed a3ejueae jou un djuasoid sireg{ONU DUIZIIO.p 9IDINDIII,| ‘apensg us jo 
s0uely Uq ‘gnZiqwe uonenys sun woOdied 9IWOD 92] ‘ayeUOTIeUIDIUI DUdDS eB] INS 


‘ITUSAB_ | INOd saduanbgsuo0d 
Sds dIpudsIdWIOD 349 UOTINJOAD 93399 ]IeJa@p ud dsIAINS INOd soaq]IEIap snjd 3d so}U9001 
snjd synod sap sasAyeue sap JonjzdazJo JN] [I ‘sed sja}] op sueq ‘eporied 91399 op UuONeyUI,p 
Xn} SIO} soy Jed sajqeorjdxa jusUIOTIOe] sInoyeA sop ejep-ne uo WwuUTLIeEGg 310 gq sONIg 
‘q Zullsdyo1g soyenus. sap yeydeo ua ynod np apeyeosa | 3so9 ua ojediourid uosiel ey 
‘LIPUIOW jSo oITeg[ONU Np onbiwoUods o3e}URAL | ‘BZULIDYDIGg B Soqn) sop jJUsWIIDe|dWI91 
np joedui., op ajduioo sed juan ou uo] Is sway ‘OIpAYW OLIRIUO,| IP soguUOp 
So] uonbiIpul,, suruI0d ‘uogieyod ne yOdde1 red onbiwouo0ds 9yIT]IqeJUII eS op sted oUN 
JUSWISAISSIIZOId sIpiod e& silegfONU JIZIDU,| BP soURpUDd) FT] 3S9 dJURJOINbDUI snig 


‘JUDWIDUUOTIOUO] Vp SaauuUe sorIgIUIdId buld sas 
juepuod imajoe91 99 ap afJouUONdsox9 soUeUIOJIOod Be] so Neaiday yuIOg 9p 9}IOLIOdNs 
op jows[9 oNne uy ‘9]U0WID1 eine sjoned np xtud 92] onbsio, 9s][aMUeTIMdUOD 
PIPUSIADPII DITeIONU UIZIIO.p 9}191I}09T9,] 10 ‘ajoned np xud sap juoWoIpUOro,| 
JURAR 9}IDIIIOIII,P VSNd9jINOD SUTIOW UdIq 9dINOS 9UN jWe}JD NedIday jUIOg ‘SIOJOINO]L “986HI 
Ud 9AOD UOSIIOx) & BJONEed op ANIed e dOINSVIa,p UOTONpoid ek] ap nod 9Z] gssedins e 
‘SINDY-YEMOTIY 9] SJUDD C‘¢ 9p 34sa INnb ‘asreyuN snbnes1isus ynod Vv] ‘neaiday julog e,nb 
Jonbiewdsl We} DdAGN ke] ‘sesuedap sao mW1Anod inod jUsWassniOWe,p spuoj UN 1]qQeI9 
® O1pAH,| onb jueuajutew ‘sasnoligs suIOU sooUsNbgsUOd sap BINe p 19 € SUOTIET[EISUI So] 
suep soqn} sop jJuowaorjdwia1 ay] ‘ajuoTeatnba azoeded ap ‘o1pAH O11e}UC,] 9p UOgreYd 
ne seus. 9UN.p INnja0 op snssop-ne YW BuLIDyIg o[eIJUID eT Op sileyUN onbnesiou9 
jnOd J] JUDWITeIOdWI9) Jassed ye} & Z 19 [ SUOTIET[EISUI Sap soqn) Sop juUsUID;R[dUIOI OT 
‘seq snjd sinofno} yuos oiregjonu np synod saz aonb sip sed yndAa du 1999 ‘“uoIssIMWMOD 
48MOd I14]92]q YIIMSUNAG MAN FX] IP 2 OIPAP OLILIUG,| IP SUOTLTTeISUT So] SUBP SOTISSOJ 
sojqusnquiod sop ied osynpoid aiZ10u9,; aonb ssnajno0d suIOW sd sITegTONU 913199, | 
anb ynjou0d sWIOD 923] ‘soguIuexs e [I.nb sanbruou0s9 saguuop soy soide.q 


uoIsSnjIuOD “| 


691 


‘QIeaTONU IISNpUl, | 
imod jissooxo neopiey un eidjuaszido1 epeued ne onbiqnd siyiqesuodsas-souesnsse 
opueis snjd sun,nb sed yoo ou ayWOD oq ‘HNeUNsse o{joa,nb sijiqesuodsa: o191U9,] 
SUIBOLIQWIE SollegpoNU soijqnd sodlaios xne Jo1gjsuel) op gsodoid e& suleolIawe DYN PI 
Is sWoW ‘epeued ne sjniqiyoid sioje JUdTeIpUdIASp s1iTeg;ONU UONdO,]| ap sjnod soa] aonb 
SW9W JUOpPUdIOId SITeOTONU Np SdIIeSIOAPe SUTeIIOD “aIIeVTONUOIIDI]9,] ap anbrwouo0dss | 
JUSTCIOIJIPOW DoULINSSE.p SIeI] So] ‘oITea;ONU DIISNpUl.|] op sasiIeYyd ke] eB 9119 WeADpP 
diqesuodssa1 9191U9,] IS “aINpoid 93191NDeT9,] 9p NOD Np % J‘Q UOITAUD JUDTeJUaSaId91 
soulid so] “9g6] UA ‘sIeTJOP op uOT[IW 199°] 9p 919 JUO OIPAH OLIEIUO,| PP g 12 
WV 20nig onb Isure g 10 YW BULIAdY¥oIg SoyeIUD. sop soURINSse.p soutId so] ‘/86] UA 


"10S91) Np [Iasuosd 9] red saanoidde os 93uU9}Ud 93399 
onb naimod ‘je1apay JUaWI9UIOANOZ 9] DaAe sessed sdUeINSSedI Op d}U9N]U9 9UN.p 
QWIOJ e] dIpusid ynod soduRINSse 99D ‘sUOTIETTeIsUI soUTeJI99 Inod suOT][IW ¢C/ 
op sdUdIINDUOD e.nbsnf ‘oirejuauatddns souRINsse sUN dILIOSNOS Op jue WOTdxKS, 7 (q 


‘((OVIN) sonbru0je sonbsti sap soueinsse pp usIpeued JOO, gjodde 
WnIOSuOD np s90UdIINDN0, | Ud WWse.S JI ‘epeueED Ny ‘sanojdde said snodinsse 
un.p soidne 930e1)U00 juUeO;dx9,] aonb ‘aseq ap souRINsse dUN dBIXO WADD eT (e 


"SJQJOA xnap op 
9sOdwi0d as sdUINSSe 9119D ‘SUONNRTI[eISUI SINd] op suNdeYS IMOd sie]]Op ap suOTT[IW ¢/ 
Op IIIAIO DdUeINSSe 9UN JUDATIOSNOS s]I.nb sjueojdxa sap oasIxa auivajanu anljiqvsuodsas 
D] ANS 107 kT ‘ayjanjyoe oindy.] YW “alsnpul.] 39 oiresjonu np sonbiy1W49 soy oud NuTUOS 
yegap un,p j0fqo., Wey ssregjonu syypiqesuodsa: ey ap uonsenb ey ano} ‘uyuq 


‘aportiod 93399 Juepuad ¢ suoriw 
Z6L & WodAga,s Inb WADD eI Jed syosdyoo1 PR] & SagIDesUOD sosuddap sa] 319}dWOD 
sues ‘SIe]]JOp ep suoT]IW p‘pZ UOMAUD kB JURUDIUTeEU JwWOIIYD 9S soyjanuue sasuedap 
S9S “6L61 19 OP6] OUD sIeTJOP ap suOTT[MW Zp 9p 919 UO WADO eB] Ip uonejuouwso. 
Op soje10) sasuadap soy “Sg suOTTTIU g‘Z6E OP 189 OUN Bl PP 98pnq 92] ‘gg6] iMod 
‘Jo3pnq UOS 9p % Cp IIANOD ANOd sie sap simajesi[NN sap satodssod ayjo,nb uoissiwmwo0y) 
A10j0jNsay 4AVaJIINN’ ek] Op 9SIxd & SaIsUOD J] ‘sIUP-S}VIq xne ‘uOsIeIedwod ied 
‘stuliod ap sozrejniy soy ins sed asod ou ‘uonejuewies%01 ap yeuoneu swsiue310,| ‘WDD 
RB] op wowosoueuy np neapsej 2] ‘UONeJUDUIOT¥91 e] Op sINod sap isa nb 99 In0g 


‘[e1OpI] JUIWIIUIDANOS Np dIQIOUeUT] 
ople | 91no} op yenb 9s] snbsaid judjuasaidoai sji,nbsind ‘epeued ne siesjonu 919199, | 
op juswoddojaagp 9] suep yuer1gpuodsid sjo1 un 9snof yuo spiNO] ned,] 9p s}nod soq ‘sue 
Op Ud oIeJTONU JI1319DU9,| op JUaWIaddoOjaA_p J] SUBP SIe][OP 9p Spe / op soid soAuI 
e jelapajy JUSTIDUIIZANOS 9] ‘fe}0} ne ‘juanbgsuod Jeg “¢ SUOT[[TU EE UOIIAUD B 3A9III/S 
‘Xaqgend ne souudsIeA op yeweyo] yurofuos joloid np Juswayedriourid ‘oiresjonu uorsnj 
op swueiz01d np Je1apay oj Jed juoWIOOUReUTy OT “¢ SUOTT[IW g/g] 9SITeI0] JUO onbruoO}e 
WBIIUZ,] IP I[QIUOD 9p UOISSIWIWOD kL] & [eJopaj a] Jed soJaJye SPUOJ S23] “H<GHI/886l 


891 


OS61/6L6] B19IOUeUTYy s9UUe,] 9q ‘JaXed ke WUO sajja,nb sj}919}UI Sop 19 OpINO] Neo,p soursn 
xne sjoid sap uonerpel ey] e JUapuodsaiI0d ¢ SUOTTIIW 6°91 ‘[e10} 99 INS ‘sodAjo}01d 
$1n9}9e91 Sap U0T}N9}0I1d RT 19 JUDWIASSe]SOp 9] 39 ‘OpINO] ned,p uOONpoId op [elopsy 
sueIZ01d a] ‘airesjonu q 39 Y RY JooueUTY Nod QgsGI/L 86] DIQTOUeUT] dOUUe,| JURpUod 
¢ SUOTT]IWM 9O‘SgQ ¢ — UOTUDAQNS 97199 op onIed sinofew ey] ndd1 & JOVA.T1 6161/8261 
g19g1oueuly aouue,| sIndap snjd usd sieyjop ap spreryiu ¢f¢ NSOAUT ke [eI9P9}J JUIWOUIDANOS 
3] onb juonbipur mb sjuswousiosuo1 sop nusjqo e& sWOD 2 “JUDWIWIOD0y 


‘QPINO] NI, p SajUdA Vp UOISN[OUOD 
R] Op SIO] NO 9310dxd Ind}9k91 UN,P DOIAIOS UD DSTUI RT Op SIO] ‘aTdwioxo sed ‘19s:moquiel 
eB sjunidwsd sop justej9 sasuadap sad ap soUuleiIdd ‘sIeT[OP 9p SUOTT[IW (0‘Q] — SIOAIP 
sig1ioueuly xnqj(6 39 ‘sie]]JOp op suo /‘7p— 997] epeueDg wWniuel~ (g ‘sIeT[OP 
op suo /‘p9 — 997] siTegjonu opeiOply (J ‘sieyJop sp suo g‘Tp~— soouvinsse 
}9 UOTRIUIUIIIZOI (Qg ‘sIe]]OP op suUOT]]IW Z‘OPpS — SPANO] ned. p soutsn (¢ ‘sIeTJOP op SUOTT[IW 
PSOE — UOT}e10dxd, | & SINd}OVdI OP SdIUDA (p ‘sIeT[OP Op SUOTT[TW ¢‘ogge — xNeIDIBWWOD 
sinojoee1 (¢ ‘sie]Jop op suo sto, —(] Ay[nueH 49 yIOg sejsnoq) sodAj}0}01d 
sinojoeel (Z ‘sie]Jop op suo ]‘/¢17 — yuowddojaasp 39 sYyoIOYDOI (T +: SoyURATINS 
sonbliqni sd] UOTIS SddSIAIPqns 917NO Ud 919 JUO sSasuddap so] ‘opnia 93199 sued 


‘wnIueIN | sp sINsnpur,, ap mdde yj e % Z 39 sIIe9TONU 
91319UD,P SOJUSA Sop JUSTTDOUeUT] Ne % ZZ ‘apinoy nes,p uoTonpold e] e& % 77 ‘osTegTONU 
91319U9,, Op JUoWoddojsasp ne soldesuOd 939 JO % OC ‘I[eIPUOW dIIONH swWIIxnsG 
BR] sIndop siysoAUl sSie]JOp op spieIW p‘¢ so] INS ‘sol1039}e9 sopuevis oenb suep 
[e1ops} JUSWIUIZANOS 9] Jed sap10DNe OpIe.] ap suINss1 UN jeUNS9Id opNid 91199 


‘(O€e-10€ “4 ‘1861 “MING ‘epeued) sooueury sop o1aqsturu 9] Jed Qg6] Ue soIed91d 
apnig oun uojas ‘epeuesy ne oiieg~onu o1310Uu9,] op uoNesNN,| 39 Wowoddoyaagp 
3] suep sSjURINOD sIe]]JOp op spre p'¢ UOITAUD [e}0} Ne NSSAUI eA [eIOPIJ 
JUSWOUIDANOS J] ‘6/61-8/6] DIQIOUeUTY soUUe | Op uy eT e.nbsne ‘ajqeiedwod spre sun.p 
of &.U d1IsNpul ane suNdONe.nb juasIp jo sITeV]ONU sUTeWIOp 2a] SUep JUdUIOddOTIANp 
ne 39 dYoIsyYOoI ek] e& JUDWIOUIDANOS 9s] Jed sapIOOOe DAISSeUL OpIe., JUoWUWONbY 
jUsUUOTIJUDU epeued Ne oilegjonu np juasweddojaasp a, juonbn110 mb xnag 


A]DIUIMIUAIANOS ap1D,'T ‘fp 


‘aTQUSNquIOD Np uOoTeUIUIITS, p 
}9 JUOWOsse[OOp op ‘aseqnjoa1 ap mod os. Jaynoyeo Inod sajyrey suontsoddns op 
ol9s Ve] onbipur o1pAH o1iejuC,| ap woddei oq ‘asipess JURINGIe Op UOTeUTUTTID,p $1/Od 
Ud SIE]JOP op SUOTT[IW gOg g_NUINdDe WeAe OIPAH{ OLBIUO,] ‘L861 2P UY e] W ‘O10Z 
ue.| op insed ev sIpeAM s]QNsnquiod np e1ajdad0e S]OYyDEp Sep UONRUIUIT[E,p s]eIOIDWIWOD 
uoneyejsur oun,nb ossayjodky sutu0d ssod o1pApYZ o1lequO,] ‘aIpersl ayqusnquios 
np uoneurlulys,| 9p InNjnJ NOS ds] JOWNSD Nog ‘aseJUOWNP UOS }9 UOTLI]TeIsUI sUN.p 
IINJOUIOJ LV] 91JUD SUB OYE JIPUD}e Jd JUDWsse[SEp 9] JopIeIaI WOAdId OIPAH OILIUO,T 


Loi 


‘(Q1QNSNquIOD op soiqweYyd sop justade{duID1 9] INOd suOTTTIW GP] Ja JUOUTASSEIDAaP 9] 
mod suor]iw 79]) JUSWIdAITUD,p SINOD op sIeT[OP 9p SUOTT[IW [TE s[NUMdoR YeAe OIPAY 
OUPIUO,| “L861 99UUR,| OP UY eB] YW ‘a]qQNsnquIOd sp saiquieyo sap juawaoeduis1 np 
Od 9] Onb Isure ‘ddIAIJasS SIOY asTwW Ind] saide ospiMo] ned,p uoNoONpoid sap souisn sap 49 
SIMIeZTONU SITeIJUDD Sop JUSUIISSE]DI9P 9p INOd sv] pudsIdWIOd saxIj sUdIQ Sap JUWaUIdAITUI,p 
Moo oJ “(Ep “d ‘egg6l ‘O1pAH O1eUO) «gIPesM d[QusnqwOd np UOHeUTWIIs,| 9p Jo Sox 
SUSIQ SOP JUSWISAITUDI,P SINOd» 311039}29 PR] SUeP SodTqNSNquIOD sap uUONeUIUI]S,p mod 
3] 39 SIndJORII Sop JUoWOSSE[DOpP 3] dIITIGeIdWIOd es suep WoAgId OIpAHY OLIeIUDO, J 


(€9-79 
‘d ‘egg6l ‘NAV ‘AGOO) :Noyeo sirewuN ynod 92] JassTeq se} Op yoIa Imod yuo Ana}Dv—a1 
np 9[NN sIA anZuoc] snjd oun jo soaoja snjd sidwoose,.p xne} soq ‘aimoay-eMoyLy 
Jed (pg6l) SN Je[IOP op sWeat]Tw uN e ANdTIgJUI ‘sed Soy] SNO} SUBP ‘919 B INd}9v91 NP dIA 
e] JUepuod ajInpoid 931911}09]9,p oitun Jed 9MW OOSI 2P UMHd UN,p Wowessepsp op 
MOD 31 ‘% O] NO % S$ ‘% C 9p 9IdWIODsO,.p xne} Sop (¢ 39 [9IDFJIP NO JeIPSUIWT JUDWssE[IOp 
op oisoje1js sun (Z ‘sue COE NO CZ ‘OZ Op IN9}0e9I1 Np sn dA oun (] Juesoddns 
uq (6 “d ‘egg6l ‘NAV ‘AdGOO) 2491p Jowassejoap a] Inod sieyjop ap suo 67 
@ 19 WIPSWU JUDUWIASSe[Dap 9] INOd (PR61) SN SIeT]OP ep suoTU GZ] e JUassed synod 
So] ‘OINJOWIDJ 9p souUL,| e % ¢ 9p a}dwodsd,p xne} un juenbiydde uq ‘(Pg61) SN sieTIOp 
op suOoT]]IM /][] Nepursye gstenjoe ynod oa] ‘adej}9 DUIdISIOI] Op JUOWIaSse[O9p uUN.p 
yo sue OF Op 93ey90}S UN.p IAIns ‘dde}9 o1QTWIIId Op JUDIVSse[Iap UN Jed JOd.UDUTWIOD Op 
NED sasyN stsayw1js &] IS “(pR6l) SIT[OP 9p SUOTT]IW Cp] Op 9sTTeENIDe NOD 2] WeIpUTONe 
JeIpguu (odei9 sUaIsION) JUaWasse[o9p 2] “AGNWO 2dAi op AMW COE] 2P AMHd UN 
INOg °% SZ ap souekoagid ap puoj un jUeNOUI ‘pIepUe}s d]]IIe] OP 9AAW OVE] OP ANd}9e91 
UN,p JUDIWasSse[Dap NP NOD ZI VpNoTeO & NAVI ‘PR6l PP SNM SAeJOp us sondsoi sopeuoneu 
SO9UUOP Sd] JURSSIIOAUOD Ud Jd JUOWASSE}Ia=p ap sodej}a sdd IMs JURpUO] os UW 


‘JOTJIDAINS J] Ip dilessao9u snyjd 4sd,U JI 19 SUOTIDINSAI ap 39!qo,] sn{d ye} ou 
SUS 9] ‘aSI[NaI sIOTe 9119,p SUIOW YW ‘saUTUTe]UOD sadeIANO so] 39 syUdWadIMbs sa] sno} 
JOUIWIS & dISISUOD JUaWAssE|Dep Np odei9 sWISION ev] ‘da1IOS SUIOW js9 DOURTIIOAINS 
eB] ‘sagjoAoo1 o139 JUdAnod sUISN,,| Op soATIOvVOIPeI uUOU soled soy ‘oOUTWIIS 9119 
ynod aja ‘anbisojorpes uonmoaj}01d ap 9]O1 un sonol op 9ssoo ek JUSWOUTJUOD 9p 9}UTIOUI,| 
I$ ‘oUlI9] ZUO] B UONeUIWIe]UOD 9p dIdIIIeVQ 9uUN doR]d Ud dINOW ke 3d Sol[qeJuOUTEp 
JUDWIDIOv] In9}0R91 Np sadaId sa] JaAaTUS ke d}SISUOD JUDIIASSe[DOp Np odej9 sWIEgIxnNOp 
ey] ‘ousueullod ud dd][I9AINS 1Sd OUISN,[ 39 Q[OIUOD Jsd JUOWoUTJUOD Op dJUTIOUI,| 
BR $9008. J ‘UONeUIWIeUOSIpP op xnNeARI} sjonjusAd,p Imod sjauuoNessdo snusjurew o1}9 
JusAnod jueInqies np uonendiuew op souie}shs surejiog ‘uoneodx9,] Juepuod sesiyin 
UONeUIWIEIUOD ap ds19IIIeG sigIWIId ey] JURAIOSUOD Ud 3NO} sonbruReddW soUI9}SAS So] 
IdJ90S B19 Janbojq ke sISISUOD JUDUASSe[OSp Np odej9 s1gIWIOId eT ‘sodej}9 SION UD SIAIP 
yeig A yuowoasseppsp 97 ‘(29861 ‘NAV “AGOO) sestegjonu suoneyyeysur.p JUSWosse]ogp 
9p Od J] Wenjead uo ‘suUOTIeWIOJUI Sop TUINOJ e& epeURD Z| sOnbe] ke ‘oiles[onu 
s1319u9,] mod qqdoO.] ep 2usesV,.] Jed 9Og6] US dseSI[e91 OpNjog sun sued 


991 


‘oyeIUdO 
Q]JaAnou oun p uononnsuod ke] Ja0URUTY op onb afIOey snjd jso mb 99 ‘JosTUJOpOW 
So] & JosuOS oWIOWI NO ‘jJUOUWIOORTdUIDI IMJ] ke SoITessad9U s}UDUTdSSISOAUT s}UeOdUT 
So] prei snjd e saj10d01 Isure ynod UG ‘dIA ANd] JURINp pe} snjd soyurod sop AANOS 
imod souessind inajy ap ansied oun asin uo.nb ajqeqoid snjd issne 39 ‘sorso;ouyse} 
Sa]JaaAnou op no sjuowodmbs xnedanou op jueisojul A ua ‘SaTIssoJ solqusnquwios 
Ud  “SOSITAUITTE’ ASO[eIIUOD. Sop, JSSIUIOPOULM opi O1U0a) IedaolIOel sn Uenisoumny 


‘UI] 91199 & 9109 Op SIU JUDUTOTJaNIOe SpUO] Say anb sug Sp JUDUIISSEIDOP IP SINOd So] 
JOWINSS Nie] oUOpP ke ]] ‘sue 9]Ud1] NO 43UIA suep onb eIpUdIAINS dU RIdD ‘JoUUOTeIOdO 
gjoAO UOS op UT eT & snudAIed o100Ud jsd,U sSinojovd1 sSInoIsnid jueJdwod uUOTe}s 
apueiz asunone ‘GqN iMoa1oedI oT JULIO |DJUDD0I1 snjd PR] ‘epeue>y Ne JUdWIOSseIDOP op 
SINOD Ud JUSIOS suONeTeIsuI SInoisnjd anb usrg ‘assejoap esas jI,nbs1o] sosreyusw9,ddns 
SsouUIIOS Sop Josesud eIpNey jl sew uorsis9id OdAe DDUIWID}I9P 939 d100U9 
sed ®.U ACNV)D IN9}0va1 UN, p dT JIA ap saINp ey ‘spnoyeos say suep o}dwiod Mua} ney 
[I JUOPp INd}9RJ JIINe UN jsd SdITRaTONU sUOTIETTeISUI SOP JUdUASSe]IO9p Np 3nod I7 


‘SOITRVITONU UOU Sd]Te1]UdO Sap sed a] suep sed sWIOUI 
asod as ou ‘juaynooap ua mb saavja JUoWaTJaNUDI0d s}jnod say 19 ‘UONsonb e] onb yowpe 
dNWOD 3] ‘epeued ne 91INdVs op W1dsd [e}0}] UN sURP }9 XNDTIBS SdAe RJ OS soITeg[ONU 
sjoysep sap uonses3 ey aonb nouteauoos pos ji.nb uslg ‘sjoyoap sind] sp uOoTeUIWITI,p 
sattuyap onbrnijod ap sidope sed juoine.u aiiesjonu disnpul,, Jo JUBWaUIOANOS 
3] onb jue} YQeia JUoUTeIA sed Bids dU S}JOySapP Sdd Op UOTICUIWIT][D,] Op WIT}Sd 0d 
OJ ‘soiresponuojjoaya souueisoi1d ap sajop shed sap jiednjd ey suep summ0ds ‘epeuedy 
ne OSI9AOIUOD P] DABTNOS sSoIIesjONU sJoyoa9p sap uUONsss eT sp uUONsenb ey] 


Sa]DAJUAI SAP JUAaWASSD]IaP Ja Sa4IDaJINU SJayIap Sap U01]SAD *¢ 


‘Q010] op 
soqn} 9p sowmaqoid sop u0d91109 dp 19 UONDDIEp ap sadRoTTJa Jo Soxotdurod sonbruyse} 
sop Josijeal op jo soinjnj suoneyyeysur soy inod saanudAgid soinsow sop 11[qei19,p 
stwiod e osmnboer souoradxsa,] onb Jaust;nos juepusdss janey ji ‘aisnf o19 InOog 


“QOTAIOS 
Ud SOSTUIDI JUOIOS soytuN xnap soq onbsioy sutwOs 391399 op UOTeIadNd91 ek] IDDUDWIWIOD 
HWOp OIpAH O1IeIUG,] ‘adTJIPOW 9}UD}U9,] UOTIS ‘sayesa said nod ke syed & aNep 920 Op 
JUSWIISINOqGWIOI 3] JUvaseIIeEd 9s dOUIAOIC PT 19 JOWA.I ‘(gE “d ‘egg6l ‘OIPAH O1IeIUO) 
SIv][OP AP SUOT]IW COZ B WeAI[Z,s WOYSP Np juejuow 9] ‘L861 FIQWIa0D9P 1¢ NW 


‘7 19 | SouunN sap uoneiodxs | asp o11e}]UO,] Op douIAOId ek] 19 JOVALL 
so9nsio1us jUsWOINe yUdTeINe Nb saya001 sap iNpep ‘Wey Ud ‘BIOS 938901 9] ‘oIpATy: 
O1lIeIUO,| IP Sojlre] sjuarjo sap saidne ndsod vios a8eqnial np mod Np UOIIAUD SiO] UN 
jUsUIZINIS “jUSNbaesuod Ieg “(EOOZ B IO1,p NOS) 93U9}U9,| OP ddINp PI Ip 93891 Np sinod ne 


¢9l 


‘sJQI9IUI So] JUeNTOUT ‘oyNUINdDe «}OTJap» 99 eIdIadNdd1 OIPAP O1IeIUG ‘s}UdUIASSSaAUT 
sop uonesodnsel op 93U9}U9,] Op ddTJIPOU JsNeR]D dUN UOTIS ‘aap 91109 ap juowaNMboe | 
inod sonred sone xnop xne aassoipe sed 3sa,s ou OIPAP O1IeIUO, J ‘aseqnia1 3] yUeINp 
I9INIUI9SP 1S9,] 19 DATILSOU 919 & SJUDUWIDSSISIAUT SOP UONeIDdNdI1 BP] 9p NILA PF] ‘EQS OP 
uly ey] smdoq ‘aouraoid ey] 19 TOVALI Jed sajeso syed e sauinsse juaresos JusWsoR]dwal 
op o1s1I0u9,. Op 19 oa8eqnia1 np synod say onb yedoasid siudquay ‘ed anne.q 
‘(UOqieYyd ne sodjusUTe ‘uOIqMey op Z 19 | SauN xne yoWsANeIedwod 3ULIDy\oIg 
op 7 19 T Soyun soy sed ojnpoid 971011109]9,] & aI] Jou JaUUOTNeI9dO sBe]URAL,] INS 
SQPUOJ) SInd}9e9d1 xNop sap uONeWO]dx9,] 9p Je[NOSSpP sioIOURUT] SOseURAR SAP UOIIAUD 
SI9I] XNOP XNL JULAIII,S SOWUIWIOS Sap soTyIed sorNe xnop xne jUdUTATJaNUUe 9S19A & OIPAH 
OLIeIUGO,| ‘SoTesTONU sJUdUIdSSTISSAUI Sap UONeIddNd91 ap 9}Ud}UD 9}199 & JZWISWIDUIOJUOD 
‘uoneyo]dxs inst 39 UOHONIJsUOD IMB] JUeIANOD 9jUDd}U9 9UN JOWY. 32 O1eIUO,| 
OP VOUTAOIA eB] DA NJOUOD & daTI9 ‘9I9IDOS 91190 eB JUDUUSaNIedde sajytUN xnap sad IS dW 
‘OIpAH, OLILIUO,] VP JUowWeanbiun sed dagjo1 ou Z 19 J] SauN sap aseqnjo1 oq 


‘93eqNIdI NP Sd}ddIIP Sarg IOUeUT] SUOTSSNdIdd91 So] sjqnop aonb 
snjd & juswddR]duId1 op s13190U9,| 9p N0d 2g] ‘JUanbasuod Jeg “sInd}ova1 Sap uNdeYyd mod 
inof sed siejJop 000 OSZ & 000 ONZ 2P UOIIAUS 10s ‘jUdUTDDe|dUIDI Bp 91319U9,] BP INOd J] 
Jomnole ynej [I P[9O VY “L861 SIQWIZAOU Ud SIeTJOP op SUOTI[IW ZOp JUaTeUsIaNe ‘BZULIDyNIg 
ap Z 19 | SaNUN sop ddIAIOS Ud dsTUIDI RB] SIIdWIOD K ‘90103 ap saqn) sap JUoWEdR]dwWaI 
NW }9 JUDUWIDAQTUD, | & SoaiTessod9u JUoWOdInbs,| ap 39 d1AN9O,p-uIeW PF] Op ‘xneLI9}ew 
Sop S}OIIP sINOD say onb yeunss OIpAH O11eIUDO,7 ‘JUsWIEddoOjaA9p ap jo UONPOTIURTd 
Op SUOTIPUOD SdINa]][IoW Sa] suUeP S9IIQU ‘sIDAeI] Op JaT~e nod mnb 90 ap sjdwiaxd uog un 
ISO YW BULIDyIg a[eIUDD RT OP SINd}OvdI SOP JOJO] Aap Saqn) sap uUONeIOLIDZIOp eT 


NANNY) Sap a240f ap saqn] sap saiwuaqold °7Z 


‘(adeyo0}S 
op 39 wodsuel op stesy so] Jajdwi0d sues) suIWIeIZOIIY 9] $ Spo Op JUOWOANeUTIXOIdde 
sloje 4So9 oapinoy needy, op osireyun ynod 92. ‘uOUTIeEq ke dsaT]eIsul sdUesSsInd 
op nemesour ied ouu0} 9g‘9 ap apsNoOy Neo ud Jen s1IeJUSAUI UN.p JosOdsIp jne} [I,nb 
gInjsod uo] IS “(gg6l Wor g ‘OIPAH OLIeIUD ‘soTeJUIWOUIZANOS suOneaY ‘Toqdweg 
uoIOWe, : sJauUOsied UONROTUNWIWIOD) ¢ SUOTT[IW [/] [] & JUeUDJUTeEW sUITYSO [eIIded UD 
[2101 NOD UN ANs (aseyd0}s Op 39 WOdsuUeI) BP SIeIJ Sd] DOAL) § SUOT[[IW GES T & eIDAQTI,S 
UO}ZUTJIeEG Op Sind}oveI xnedAnou sNeNb sap spinoy nes usd jeNtul JUdWoUUOTSIAOIdde | 
2p yoo a onb ‘oursjur aiyiqeiduioo es suep ‘oulsa 9}91I00s ey ['uononpoid 
op synod xne 91] simofno sed jsd,u saimoaiig}xo9 sayuaA sap inod o1pAH,] Wodo1 onb 
JULJUOW J] — apueYyoIeW INdTeA ek] 9p UOU ‘UOTONpOId 9p sileWUN ynOd Np TdT Wes [J 
“SWIWPIZO[IY 9] ¢ 1S¢ ap aiafoid ynood uN 39 V9Aa]9 snjd UONSNpoid oun yWOAsId OIPAH,] 
‘6861 nog ‘(epimMo] neo,p souuod} Zep sed ‘gg6] Inod nagid ‘siejjop ap suoTyM [‘¢EpZ op 
uononpoid sp 3nod J] IWRSIAIP UD) DUIWILIZOTIY I] $ EOC & DUITISO IS9 yNOD J] ‘oTqrey Ssnid 
usIq 919 JueAe UOTIONpOId ap suIyIAI J] ‘QQ6] UA ‘(SoIMpoid souUO} CQ/ Jed ‘sIeT[OP 


p9l 


ap SUOTIJIW 9°9CZ NOS ‘/Q6] US [e10) UONONpOId ap Mod J] IUeSIATIP Ud) SUTWILISO]IY 9] 
¢ POC B DAII9,S apINoO] nva,p uoNONpold ke] ap nod 9] onb onbipur ompAY O1seUO,| “L861 
imog ‘uoNonpoid ap swyih1 np puadap sonig e& apINO] ned,p uONdNpold ke] 9p 3NOd 9] 
‘oipAH o1equC,| seide.q “S6'7Z & 9A219,8 Nb *‘QAGNVO XP LNA UP % 9] doquasgidar 
SpIno] neo,p soaiosal sop uanuieul op 39 opino], ned usa jJuswouuorstaoidde,p 
XNVIIUI «SsIel] «Soy «‘synoyeo.s sad. sue] «ss udIpeucds)§6©0owweis01d np sinod-§ sap 
ajueI0dut ajuesoduros sun 4sd apinoy ned,; onb ‘7z neoajqe) 9] soide.p ‘11e]d 3so IT] 


‘Le ‘d ‘9861 INOe ‘OjUOIO! ‘O1-GON ‘S864 — MHd-NGNVWO JO saloU02z ‘ospAH OURIUO : BduNOS 


06'8z 78°92 G6‘e2 J2}0} oureylun anbyehieus ynoD 
= _ IES (0 epino] nes,| ep usljesjuE 
‘gureyiun enbijaGseua 3noD 
06'8 06'8 S9o'P alqisnquioo np ueljesjue 


‘aureyiun enbijaGieue nog 


ves 6L't SL'p uOI}e]SIUIWpe 
}@ eOUBUBE}UIeEwW ‘UOI}eE}O}dxa 
‘aureyiun enbijabieue jnoD 


99'bL GL‘EL GL‘EL JUSLUSSSIHOWE J }919]U! 
*12}0} auleyiun enbnaHhieus nog 
3 a Gl’? epino} neg 
IE 69'0 vO 8IQUSNQWOd 
ps0 8r'0 cv 0 BOINS US ASI|\ 
Geel 86‘ LL pr'ol das |eydeo 


JUBWASSIOWR jd JO19}UI 
‘aureyiun enbijaGieues 1no0D 


% 19 % 89 % BL Udesi|iin,p Inejoey 
608 X p 608 X p 608 Xp (S}eUu SMW) Be4}UsO B| Bp BoUeSSINd 
ueAow a6ieud 2AQ|9 Bbieyd NaNvod 
ep une}oe4 ep inejoe4 
YMd 


G86 4nod YMd 
Sep S9Wi}Se S}NOD xne Saiedwi0d OUpAPH O1LJUO,| OPP NGNVD Sep sinoyd :zznesaqeL 


€Ot 


‘(gg “d ‘egg6] ‘OIpAH O11eIUO) «aTeI]U99 op sodA} syUdJazJIP aua suosteredwi0s 
So] SUBP SJHeoIpUT 91399 INOd opniNisouT apueIs doi suN.p sayoejUs JUOS» sjnod sad onb 
JUdILISUOD OPNId,[ 9p simone say ‘9010} ap saqn} sep JuswWsde|duUI91 Np 19 sa]Qusnquios 
np uonendsead |, op ‘juouassejoap Np sSinjnj sjnod sop jueUdjUTeEW 9}dWOd dsuUUdT} 
O1pAH] O1IRIUO,] ONb usdIg ‘uOoTsanb ud asTUia1 919 IIOADP Issne sjquias ‘(g¢ ‘d ‘eggs 
‘oipAH O11RIUQ) «<jUeVIOdUIT sUIUIeIZOId UN.p sIped 9d] SUBP SaTeg]ONU sajeI]Ud9 Op 
sodA} S}UDIDIJIP OP SJP]I1 sINOS Say ANS s]qeasI]s9uU jaJJO UN UO SUOTISN[OXd sad» aonb je} 
9] INS S9PUOJ ‘9D10} OP Soqn) sop JUSUISAITUD,] OP SINOd Sod] dINJOXd,p UOISIDOp eT] 


UMA SOP 19 AMd Sop JoWapudsl 9] 9]qQejIOU UOSe} op sIOI[awWe UO sked sanbjanb 
‘Isury “(61 39 €1 “d ‘8g6l ‘IAN) UMd WY ayojdxo mb ‘anbrsjog ey mod % Q'g/ ap 32 
(UMA XNep 19 YMd XNop) epueyury ey inod % ¢6/ 9p WeIg aBrey op Ma}0ey 97] “L861 
uinf O¢ ne % /‘6L OP JHeINWIND s31eYd op In9}0Rj UN asITeaI & “SYM XNIP 19 YM SION 
o}10]dxo nb ‘assing ey ‘Zz neajqei ne sXAojdwia % gg ap «dAdTa» IN|D}9e}] Ne sinatiodns 
dnosnesq op 919 UO YAd BNenb surow ne juewordxs sastermsnpur shed simoaisnyid 
suep snusj}qo sushOW sjonuue o31eYd Sp sINdjoej so] “sumaqre reg [°% L‘79 Op suUdAOW 
ud eID L86[-IW Pe] © YUMd Sep ygeIpuow osz0edeo eke] ap uUOTIDUOJ Ud sIDpUOd ‘IA 
op s91np ke] IMs o31eYd Op 1m9}0ej OI] SRG] OP SoTeUONeUIO}UI UOTeO]dx9,p soguUOp 
sop soide.p qeia 939 JUPAe dIZJIUD 9] ‘% 19 ap ouudkow Ud Iso WYA\d Np dsuinsoid 
ayou 9319eded ap im9}0R}] aT ‘uOTIsoNb us sastuia1 9139 JUDANOd [NOTeD ap sasayiodAYy sop 
stew “YMd Np myao & ANdLIVJUI ISO QGNVD Np JeI0}) s1lewUN onbyesisus ynod 97 


‘% 19 ap «usXkow» In9}dej UN doe sind ‘% gg Op «dAdT9» 
IND}IVJ UN DdAV J}TeJ 3SO aSATeUL.| “YAAd SEP Sed 9] SUeP £% g/ Op UdXkOW 9})}0U 9)19eded 
Op ImodjoVJ UN ddAe JOUUONDUO] s9sUdd JUOS ACNVD Sind}ovEI soy ‘ZZ nNeafqe) 9] suep 
snjour sed juos ou aseqnja1 np jo gsindds sjqnsnqwiod np uoTIeNdeAD,| 9p ‘jWUOWIOSse[DOp 
np sjnoo say ‘onbrzj9979 juaTeaInbs,.p sinay-yemesou Jed Cg6] op sie]]Jop usd souttidxs 
jUOS soiteyUN sanbngZisus synod sa] sno], ‘ajqeredwuiod yMd Sino}ore1 sijenb ke sye1]UI9 
oun e (VW d0nlg 9]eI1]U9D ke] BP S]NOd So] INS jURSeq 2S Ud) ‘QQNVO Sinojors1 osjenb 
B oyeus5 oun jueIedui0d O1pAH{ OLIeIUG,] Op SooUUOP sop sWINsdI 7Z neojqQe) 7] 


‘9]]eISuI e1as Inb 1In9d}9e—91 ap adAj np x1oyo ne juenb diqnd sd1AJas Jno} 
Op UOISIO9p eB] Op JUOWII[a JUeIOdUTI UN jUdINIWap xneNIUI sjnod so] “YM UN,p xnod 
onb saipuriow dnoonesag yusI0s MGNVOD Np uonenoydxs,p srea soy onb uaig [‘oye1U99 
ey] inod nagid yeydeos ua je10} nod np % pI] onbsoid djuasgido1 Inb 99 ‘¢ suOTT]IW 
6€S | ep Iso UOIZUTTIeEG sp Sindj}OVII xnedANOU dIJeNb xne s9UT}SOp 9piNO] neo,p [enNIUI 
SIIVJUSAUT. | OP 9UITIS® NOD 9J] ‘NGNWO 2P 2PANO] neo ,p os1eyd ke] Op sjUdIINdD91 UOU 
steij Say yuojnole.s ynod 99 Vv ‘ajqereduiod gy0edes op YM IT IN9}0e91 uN.nb 9aa]9 snd 
Iso eyideo ud yn0d UOS “DY 189 MQGNWO 2 ‘aouessind op simajoeas soy mie 


‘UONe]JUL | op dIdwI0d JueUD} UD DWIOWI ‘Y DONIg 19 VW BSULIDYIIg 


SOJeIIUI sayemusd sop myjao ke smotadns juswaqeigpIsuod jsd soutopow snjid_ soy 
soyeusd sion sap yeydes ua ynoo aj onb [Z nes[qe} np JUSUIO}sSOJIUeW jIOSSOI I] 


COT 


‘12d ‘9864 INOe ‘JUNIO! ‘OL-GON ‘S86L — HMd-NGNv~9 Jo saiwiou027 ‘oiphH ouR\UO : BduNOS 


c661-8861 €'G60€ uo}Hulyeq 
L861L-786l 8'Lest g 90mg 
9861-E€861 Pelz or gq Buuayold 
PLUNSE INOD 
6Z61-ZZ61 0'909 Y eonmg 
EL61-LZ64 y'Z9e y Buveydig 
[9941009 
BdIAIOS US BSILU ap S9sUUY (8@M»/$) enbyloeds ynoD ajesUaD 


9a||e]SU! a}Jou soUessind ap eEMO]!y Jed S}UeINOD Sue]]Op ua 
‘oupAH Oe]UC,| ep Sedtegjonu Seje4jUed Sep S}NOD Sep UONNjOAR : 1z NeeqeL 


‘Tc nes[qe} 
ne so9juasoid yso (W-99nIg ayeUs. eT e& aiINpoid ajNn Inadea-ai319Uu9,, ap onbi3y9979 
juoyeaInb9,, juenpoul) OIpAYY O11e}IUO,] OP dse][eISUI ayaUu soURSssInd op o9yuN ied 
‘sjueINOD sIe]JOPp ud sowIdxd ‘QQNVWD Ssinojovel sap jeydes usd synod sap UuOTNIOAI,J 
‘soquouniod snjd ja sajdnos snjd uoneoymuerid op saisajens op uondope,] owed 
uoqieyo 9] onb issne stew ‘soad[a SUIOW jUOS UOGIeYdS ne o[eIUDD oUN,p jJUsWOOUReUY 
ap sTelj soy] JUOWIOTNSs UOU onb doIjIUsIS e]9D ‘a}UaTeAINbs gyOeded op onbiuw19y) s]e19U99 
oun nb oilegjonu syeiuss oun neasal ne Japio90e1 inod sdwea}) ap snjd juswayer19Uue3 
NvJ [I ‘UIJUq “aTe1]UDN OUN.pP JIA kL] BP SINOD Ne xNe}0} S]NOSD Sop dsIPUIOW JUSIWIANPIII 
uoniodoid oun juonyysuod (jeNded ud no) UOTJONIsUOD Bp s}]NOd soy JUOp onbrwJ9y} 
g]e1JUID OUN,p sed ds] suep aonb sasnajnoo snjd dnooneaq saduanbgsuod sap e uoT}IONIYsUOS 
op swueizoid np piejai 3nO} 39 S9AITA JUOWIOULUT] OP SIeIJ SOP & DOVJ ose] e UOdSE] 
91N0} 9p wo soljqnd saddIAras say ‘(a]qusnquiods np nod ne 4d uUOTIeWOTdxS,p sreay xne 
10dde1 sed uoNdNA}sUOd ap s}nod sap souRVIOdUII,| ap UOSTeI Ud) INQEap I] Sep sninoouUS 
JUOS solleg]ONU sayeUsd sap synod sap aied sinofeur ey enb guuop jue 


[en 


‘sprejol xne 
SoTqISUdS Issne JNO} JOS ‘}919]UT,.p xne} 9] Jed 9jUNnIdwWOd jeWded np IMpold 9] d1IP-k-1s9,9 
‘yUsWIDDULUT] op sieiy soy ‘(otjJqnd np suorssoid xne snp dileyuawaso1 snssao0i1d 
Np sasedojq sop & s]QeNqline piejoI sIpUIOW Ne sa[qisuds jUOS Jeded Ua synod soa] NO) 
sIU()-S1eIQ Sop saatid sad1Aias say onb uontsod sweaw ve] suep sed yudI0s du epeUuRes np 
sanbneis soiqnd sao1ases say aonb uaig ‘nesidaq-aquiog & aun sWarxnep oun juRUII0U09 
sNWOD 3] WRAIP GNAAO kK] op oseusiows) a] Jed sgd10JUdI 3so UONdddI1I0d aNneD 
‘gnbsi1 yUdWOUIENXd SUIWOD soI[gnd sadIAIas xnoiqwou op sed ndsad ysa a]qeiedwos 
uoqieyds ne sfeusd oun e yodde1 sed osiresjonu osyeiusd. oun sUep jUdUTOSSTISOAUI 
nO} ‘oJoINS eB] & JURYSeIeI OS sjoodse sop aie] UOMOeNSQY ‘jUdWsssoAuI.p joloid 3n0} 
op ‘xndjnod 9a3IMs Jed jo ‘sayqeiIsapuI sJUDWIZ[a xNop JUOS spnjTV0UT,| 39 oNbsi aq 


Sasuadap sap 11f01d "J 


d1IBIPINU J] 9.19U09 Sanbiu0Uudds SJUsUINSIB SIT “|G 


(zd ‘¢g6l ‘atareH) «oregjonu 
d1319U9,.p uoNonpoid sp QGQNVD swweis01d a] a3da090e otjqnd sy, anb inod 9a] qeyes1d 
UONIPUOD sUN 91}9 J[QUI9S UONeUDWIII3Z91 Op jud}adWOd sUIsTURZIO UN,p 9DdUd}SIX9,]» 
‘Ios ud pI.nb tonO ‘uvuoneusus3e1 e] op yeulsiew ynod J, 30 Jopnid IMoyesITNN,| 
d1]Ud sosusdap say jUdUID}N0I1100 INIed9d1 op spIOWJIp yWeio pI.nb 30 sanbytoads soyesyuss 
xnop op opmas,] ins sapuoj juorejo sji.nb sored syjnewrxoidde,nb juosrej9,u sjeqnsol 
soo onb 9]euasIs e UOISSIUIWIOD PR] ‘SIOJOINO], °9}1911}99]9,p UOTONpoOid ke] sp ]e}0) NOD np 
a]qIej JUDWIDATILTDI 93eJUD0INOd UN.nb jUsTeJUSS9I1d91 dU epeURD Ne soireds[ONU sindjdvel 
Sap uoleUSUII]391 e] Bp sod seq aonb uorsnjouos ev] ke onuaared ysa WADO PY 


(% v'b) 
¢ SUOT][IU C[‘C] OUOp dajUdsaid9I1 UONeUSUIZIZe1 ek] Op [eUIZIeUI NOD J] ‘UOTEJUDUIOSOI 
eR] & stumMos uOoU IMod}eSIWN UN sninodsud eine.nb synod so (% Sp) g¢ SsuUOTI[TW 
SSS] &@ QWITISd & UO ‘sJUDIIDUUOARI Sd] 91QUOD UOTNID9}01d FR] & SddI] SoTeJUOWOUUOIIAUD 
somsow xne 49 9)INd9S ap 39 dsUaIsAY,p SaInsoul xne sodldesuOd. sosuodap 
sop ]Je10} nod 9s] ‘a9uUe,] JURePUsd Y dsoONIg dsTeUDD eB] Jed 9}101NI990]9,p UONoNpoid 
eR] 9p [e10} NOD NP % GR & HOS “¢ suo /‘OE B 9UIMSa B UG “YRH] UONeNO]dx9,p 
s9uue,, yUepueod vy sonIg 9a]eNUa0 Pe] op sjdurloxd,] Isloyd e UO ‘dANOR Ud IM9}9RII 
un suep uOneUsUID[391 OP 39 d}INDIS Op soiInsoU Sop sS]NOd so] JoN[eAd Mod 


"UOTILIUIWI] 391 P] 
op [eulsieur nod 3] (% O‘¢) $ SUOTT[IW O'Z{]T B 9WNSS eB UO ‘UOT]eJUDWII][Z91 BUN ke sIUINOS 
uou stew juospnid smoajestyyn un sninoous yeime,nb synod say juajuasoido1 (% F'9) 
SUOTT[IW 6'96] onb suINsad UO ‘Te}10} 99 9q ‘s}UdWIOUUOARI So] 91]U0D UONdE}01d kB] & SOT] 
SOTEJUDUIDUUOMAUD SdINSOW XNe 3d 9}LINDYS Op 19 DUdIZAY,p SoInsou xne sonqi4ie 939 1UO 


O91 


‘]e101] NP % OI NOS “¢ suoTT]IUI ¢‘6Q¢ ‘aTeI]U99 97199 INOd ¢ sUOTTTIW £60 € OP Teqoys jeiIdes 
ud NOD UN INS ‘g BULIDy.Ig ajeIUSD ek] 9UTWIeXD B UO ‘aIIeg|ONU dJI1ZI9Ud,p UOTONpold 
e] op jeudes ud ynod 2] IMS UOTIeUDWIIIZI1 eV] BP SddUdpIOUI Soy JONTeaAd Nog 


*«UONRIUDUWI[ZaI LV] Op [eUIZIeUI 
nod» osjjodde uo, onb ja ‘uoNejIUsWIs91 Op s1IeW Ud SadUaZIxd Soa] sag}oodsal 
yustos onb inod sninoous Juswanbtiun synod soy] (Z 39 ‘UOTeUSUIITZ91 9INO} 9p ddUdSqP, | 
ud juopnid simoajestyyn un sed snimoous 939 JusIeIne Inb sjnoo soa] ({ : sayUesodwos 
XNOdP UD S}]NOD Sd. YSIAIPQNS d}INsud & UG ‘alTeg;ONU sjQusnqwiod np uUOTIeSI]YN,p ddA 
np uoniod onbeyd suep syuswauUOAel Sd] 919U0D U01I99}01d ke] & SddT] SoTeJUDWIDUUOIIAUD 
soinsow xne 39 9do}INdDIS Op 319 dUdIsAY,p SoINsowW xnNe SgIDOSSe s}]NOd Sd] DIWUOPI 
® YOOAS kB ‘opmia uos sueq “(1861 “‘WADO ‘epeued) ou] YOOYS e sed yenuos 
@ oe} apni oun,p sjeqnsel sop anued e quowasyediouud omesjonu uoneUewes%e1 eb] Op 
SINOD Sd] SNTeAD & VWADD PI ‘SR6] Ue atjqnd yzodde1 un sueq ‘jUeVodwI swg]qGo1d uN 
SWWOd sITeg[ONU UOTIe]USWIATZ91 eB] ap nod 2] sed sIapIsuOd ou UO ‘epeURD NY 


‘O86 INOe ‘O}UDIO! ‘OL-GON ‘S86L 
— MHd-NdNnvd) JO saiwmiouos7 ‘o1pAH OuejUuO : SUP SENus}uOdD SasUuUOP sap JINed e gjnNoBJeD: BouNOS 


‘uonesusaind 
eB SINBAR| BP Saadinbs jusiesas UOqUeYD Ne SadjusUe Sajqesedwod sajesjJusO Sap enb asoddns (q 


‘aBeqnjas nod ad1as soy jualeya INb Huuayd!lg ap Z }9 |. SayiuN Saj sed eqojbua,y (e 


%l7 (q) uoqueud ne eseq ap sjeujusd “SA g 9OMgG 
(% Ov: E861) %L2 QYOOIIUBN ‘SA Y eo 
% be (q) uoqueyud ne eseq ap ajeujuad “SA Gg Buueydig 
(%62:€861) %LI (e) uojquie7 ‘sa y Buueydid 
(uoqieyo 9] ANS sulegjonu) 9je1Uued 
(S861) S}n09 ep 


SOLJ9}] Ud aHe]UeAR,p % 


S86} Ue CAPA} O1Ue}UO,p UOGJeYD Ne sajesjUe. 
Sa] INS SouleajONuU SejesjUSd Sep $}]NOD op Sea} Ua oHeyueAY =: OZ NesjqeL 


‘giregjonu ne sanbytoads synod 
Sone .p jo JUOWIOSSe[Dap Np ‘asinds sjqusnquiod np uONses e] ap daT[TeIap uOostereduIo0d 


6$1 


e] SUPP UOISNOUI,| & s]QeNqtiVe 3Sd JITeITONU Np oseURAR,] OP UOTNUTWIP eT ‘UOqIeYS 
ne y10dde1 sed oilegjonu np sjnod dp SdUlId} Ud JBEIULAL| S86] UD % YZ UOIAUD Fk 
WeIMpPII KJ9D 6] Nes[qei ne Cg6] INOd dtuINO} IMayeA eT onb saaj—a snjd % C] UOIIAUD.p 
wos “E7Z'E€ Op 4So oslegjonUu 9] INOd [MAD 2 ‘Sg6] ANOd sjenUDD Jed 931919919, p 
soyou suononpoid say juesljan ud sadigpuod yuos saguuop sai anbsio7q 


‘(Lz a8ed ‘egg6] ‘OIPAH O11RIUD) VY IONIg op 
InJ9o op sjdin np snd e [esa ‘aaqfejsul ayoU doUessInd op YeMOTTy Jed sjueIMOdD sie]]Op 
ud ginsow ‘onbiyidads ynod un yO sayenUdd. xnap sod ‘gq DoNIg 19 gq BUTIDyOIg sayesU|. 
Sop Soaog]a snjd JuoWdATLIOI Jeydeo ud synod xne d[qenqiiyWe Isa elaD ‘sInajeind9.p 
soodinba uoqieyd ne sayeiusd sap e sadzedwiod jualos sayja,nb uaiq ‘Wy sonig 9ayeI]UI9 
e] aonb synod ap sawi4d} ud soIpulOW saseiURAe sop JudjUssoid g doONnIg 19 gq 3uUlIDyOIg 
sojusce1 snjd saye3ijuso soy aonb Jajyejsuod ap daiooud juReUUO}S sn{d isd [] “oUUdTOUe 
snjd iso mb y B8uliayoig ayeijus. ey] anod saazaj9a snjd uonensturpe.p 19 usTaNUS.p 
‘uoneojdxs p sjnod sop e.nb ajqenqune ong jnod ou eyjao ‘uosteredui0d ke] suep 
sed o1n3lj ou saduUOTUDW Z 39 | SaUN sap a8eqnja1 9] anbsing ‘sairesjonu saye1Uds 
soine sop myjoo onb sipurow jso ‘sayun sinoisnjd e& AGQNWD Sseaenues sop suudioue 
snjd ev] ‘YW B3ullayoIg op siInod op sould) Ud dJ8eIURAR | ‘JUDWIDIDIWIDIg “OZ NeIzqQr) 
3] suep sajudsoid uONeWIOJUI| WeUIDDUOD JUSdSOdWIT,S saITeJUSWIWIOD sINdIsN[g 


‘93eqnja1 Np JOIOUeUTy 19349] 
Joyoed & JdURpUd) & SolIvaTONU soQUUOP sap «assess» 9D (ZI 39 OT ‘d ‘egg6] ‘o1pAH 
OLIVJUO) «uOoT}eVO]dx9, | op Ingap ys] sIndap s]qusnquIo0d sp xneUed Sop JUDWIADTUD,| 
Inod juswassniowe,p spuoj np ajdwoo situa} e& uodey ap» oiTegjPONU [AAD 2% 38141109 
Inb Cg6] Ud JNoTVo ap a]Zo1 a]JaAnou oun a\dope ke OIPAPY O11eIUGO;] ‘SR6] BP seouUOp 
sop ised e g[noyTeo mya. e& IM|lIJaJUI yUSIATQeIOU Jsd BUIIDYDIg 9P LNAO 3 ‘(qwoddez 
jussoid a] suep /] onbrydeiz no ‘{] ‘d ‘egg6y ‘o1pARY o1eIUO suep | onbiydess) 
OIpAH O1IRIUG,] ep onbrydeiz a] suep ‘stojaynoy “y Burssyotg e wodde sed ‘Cog6] 
ud ‘% CSE AP SINOD 9p soW4d) UD aseJURAR UN eJUSSIId UC}qUIeT] 9p snbiw19y) sTeWUIS 
R] ‘Jo1se,] & Ssindjovs1 xnop say YW BulIaydIg inod sjnoyeo say suep ajdwio0d uo,] IS 


‘(sinayeinds, p soadinbs sed juos ou ayoonueN op 39 UOJQUIe] Op soyeUIS 
So] ‘ayjanqjoe oinoy,, eB) o4ynos ap spAxoIp np uoNdeNxd,] mod simoajyeinds,p sgdinb9 
esoddns uo, onb sarqeieduiod uolneigues op ja ayoedes op onbnoyjodAy uoqieyo 
ne ojemuss oun ke sogieduiod jos g 90nIg 19 g BUlIOyDIg soTeljUs. SOT (8/61-€L61 
‘OMW L6p 2p Seiun g) ayooNUeN op onbrussy) sjenusd e] e saiedwiod Jso VY 
soNIG I[eIUIO PJ (YL61-696] US IAIOS UD SASIU IMIA S6h OP SouUN yp) UOIquIeT] ap 
onbiwiisy} syeusd ey e sa1edWOd jsd ‘aBeqn}>d1 INOd ddIAIOS SIOY Z 39 | SoUN soy suTOW 
‘VY SULID¥oIg ayemUsD eT “UOgIeYS ne sadjusUT[e sajqeieduiod sayemus. sap e yoddri 
Jed oiesjonu np uaXkow ne 931911199]9,p uoTONpold ke] ap s}nod op souls} Ud soseULAL 
So] ‘ayerquso red syeUsdd ‘auINsd1 QZ NeI{qQe) 97] ‘a}]URSsa19jUI onbiwOUOdss UOsTeIedWOd 
sun 3qQeI9,p sIqIssod jysa I ‘sajqruodsip juawayei9ue3 yUOS saguUOp sod a{jenbr] 
mod sa9uue dsiguJep ke] ‘Cg6] Anod sayIeI9p snjd sjuswouslesus1 op Iied Vv 


8S 


: GOINOS 


‘v2 d ‘9861 INO ‘OJUOIOL ‘OL-GON ‘S86L — MHd-NGNY Od JO saiwiouolz ‘opAH OWe\UO 


Base de la prévision : Augmentations prévues en septembre 1985 
Facteur de puissance annuel — 80 % 
Taux d'intérét — 13,4 % 
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Used Nuclear Fuel in Canada 
Nombre de faisceaux 


Décembre 1987 


Notes: a) Chaque faisceau de combustible contient 20 kg d'oxyde d'uranium et occupe un volume de 
0,005 m3. 


2050 (projection) 


3 700 000 


Ontario Hydro 


Hydro-Québec 


b) Les projections sont basées sur les réacteurs actuellement en exploitation et en construction. 
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MINUTES OF PROCEEDINGS 


TUESDAY, SEPTEMBER 20, 1988 
(77) 


| Text] 


The Standing Committee on Energy, Mines and 
Resources met at 3:33 o’clock p.m., in Room 371, West 


Block, this day, the Chairman, Barbara Sparrow, 
presiding. 

Members of the Committee present: Paul Gagnon, Len 
Gustafson, Russell MacLellan, Lorne Nystrom and 


Barbara Sparrow. 
In attendance: Dean Clay, Consultant. 


Appearing: The Honourable Marcel Masse, Minister of 
Energy, Mines and Resources. 


Witness: From the Department of Energy, Mines and 
Resources: George Anderson, Assistant Deputy Minister, 
Energy Policy Sector. 


In accordance with its mandate under Standing Order 
96(2), the Committee commenced consideration of the 
Report on the Energy Options Process. 


The Minister made an opening statement and, with the 
witness, answered questions. 


At 4:40 o’clock p.m., the Committee proceeded to an 
in camera meeting. 


At 4:45 o’clock p.m., the Committee adjourned to the 
call of the Chair. 


Eugene Morawski 
Clerk of the Committee 


Energie, mines et ressources ADEN S 


PROCES-VERBAL 


LE MARDI 20 SEPTEMBRE 1988 
(77) 
| Traduction| 
Le Comité permanent de l’énergie, des mines et des 
ressources se réunit aujourd’hui a 15 h 33, dans la piéce 


371 de Védifice de l'Ouest, sous la présidence de Barbara 
Sparrow, (présidente). 


Membres du Comité présents: Paul Gagnon, Len 
Gustafson, Russell MacLellan, Lorne Nystrom et Barbara 
Sparrow. 


Aussi présent: Dean Clay, conseiller. 


_Comparait: L’honorable Marcel Masse, ministre de 
l’Energie, des Mines et des Ressources. 


Témoin: Du ministére de l’Energie, des Mines et des 
Ressources: George Anderson, sous-ministre adjoint, 
secteur de la politique énergétique. 


Conformément au mandat que lui confie le paragraphe 
96(2) du Reglement, le Comité entreprend l’étude du 
rapport sur la confluence énergétique. 


Le Ministre fait une déclaration préliminaire, puis lui- 
méme et le temoin répondent aux questions. 


A 16 h 40, le Comité adopte le huis clos. 


A 16 h 45, le Comité s’ajourne jusqu’a nouvelle 
convocation de la présidente. 


Le greffier du Comité 
Eugene Morawski 
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EVIDENCE 

[Recorded by Electronic Apparatus| 
[| Texte| 

Tuesday, September 20, 1988 


Dea Wels 


The Chairman: I would like to call this meeting of the 
Standing Committee on Energy, Mines and Resources to 
order. We have a quorum to hear witnesses. The agenda 
has been circulated. The order of the day, pursuant to 
Standing Order 96.(2), is consideration of the report on 
the energy options process. On August 18 I received from 
Minister Marcel Masse a letter which referred the Energy 
Options report to this committee for consideration. 


We have with us today the minister, who will make 
some general comments with regard to the report on 
energy options. After the conclusion of his remarks, I 
would ask committee members to stay behind so we could 
discuss Our approach—how we are going to review this 
study and what our agenda will be for the next couple of 
weeks. Mr. Masse has a commitment later on and will be 
with us until about 4.30 p.m. 


So if you would begin with your opening address, Mr. 
Minister, we would have time for a few questions. 
Hopefully we can keep them general today. And I would 
hope we could invite you back at a later date if we needed 
more information. Mr. Minister. 


L’honorable Marcel Masse (ministre de Energie, des 
Mines et des Ressources): Thank you. 


Madame la présidente, honorables députés. 


Je vous remercie, madame la présidente, de me fournir 
occasion de comparaitre devant ce Comité pour 
présenter Confluence énergétique, le premier dialogue 
public d’importance sur la _ politique énergétique 
canadienne qui se soit tenu au pays en trois décennies. 


En maintes occasions dans le passé, votre Comité m’a 
transmis des rapports et des conseils sur toute une gamme 
de questions-clés en ce qui a trait a la politique 
énergétique. Je suis heureux de faire de nouveau appel a 
votre expérience, cette fois-ci pour examiner le rapport de 
Confluence énergétique. 


Jinsisterai d’abord, madame la _ présidente, sur 
Vimportance du secteur énergétique pour le bien-étre des 
Canadiens. Notre pays a été doté de _ ressources 
énergétiques abondantes et diversifiées. Trois cent mille 
personnes travaillent dans le secteur énergétique, lequel 
apporte une contribution de 6 p. 100 a notre produit 
national brut (PNB). De plus, ce secteur bénéficie de 14 
p. 100 des investissements effectués au Canada et génére 
11 p. 100 de nos revenus d’exportation. I] est indubitable 
que les tendances dans la mise en valeur et l’utilisation de 
Vénergie ont des répercussions directes sur l’avenir 
économique des Canadiens. 


Energy, Mines and Resources 
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TEMOIGNAGES 
[Enregistrement électronique| 
| Traduction] 

Le mardi 20 septembre 1988 


_La présidente: La séance du Comité permanent de 
l’Energie, des Mines et des Ressources est ouverte. Nous 
avons le quorum pour entendre les temoins. L’ordre du 
jour vous a été distribué. Conformément 4 l’article 96.(2) 
du Réglement, notre tache est d’étudier le rapport de 
Confluence énergétique. Le 18 aout j’ai regu du ministre, 
M. Marcel Masse, mentionnant le renvoi pour étude a 
votre comité de ce rapport de Confluence énergétique. 


Nous accueillons aujourd’hui le ministre, qui fera 
quelques commentaires de caractére général sur ce 
rapport. Quant il aura terminé, je demanderais aux 
membres du Comité de rester pour discuter stratégie: 
comment aborder ce rapport, quel calendrier prévoir 
pour les deux prochaines semaines. M. Masse a un rendez- 
vous et ne pourra rester avec nous que jusqu’a 16h30. 


Si vous voulez bien commencer maintenant votre 
déclaration, monsieur le ministre, il nous restera un peu 
de temps pour poser quelques questions. I] serait 
souhaitable qu’elle reste générale aujourd’hui. J’espére 
que nous pourrons vous inviter a revenir plus tard si nous 
avons besoin d’un complément d’information. Monsieur 
le ministre. 


Hon. Marcel Masse (Minister of Energy, Mines and 
Resources): Merci 


Madam Chairman, members of Parliament. 


I would like to thank you, Madam Chairman for the 
Opportunity to appear before this committee to speak 
about Energy Options, the first major public dialogue on 
the Canadian energy policy in three decades. 


On a number of occasions in the past, your committee 
has provided me with reports and advice on a variety of 
key energy policy issues. It is therefore with great pleasure 
that I ask again for your contribution, this time to 
examine the Energy Options report. 


I will briefly insist on the importance of the energy 
sector for the well-being of Canadians. Our country is 
blessed with abundant and diversified energy resources. 
The energy sector employs 300,000 people and generates 
6% of our gross domestic product (GDP). Further, it 
accounts for 14% of Canada’s investment and 11% of our 
export revenues. Without doubt, trends in the 
development and use of energy have a direct bearing on 
the economic future of Canadians. 
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[Texte| 
ils 


Formuler un cadre de politique qui nous permettra de 
maximiser les avantages que nous retirons de notre capital- 
ressources en ce domaine est le défi qu’il nous faut 
relever. 


La politique énergétique doit étre suffisamment souple 
pour s’adapter 4 un monde en perpétuelle mutation. Elle 
doit aussi refléter les préoccupations et les aspirations des 
Canadiens. Madame la présidente, on ne peut élaborer 
une telle politique en vase clos. Il nous faut plutdt étre 
préts a consulter les provinces, l'industrie de l’énergie et 
les autres parties intéressées, sur toute question d’intérét 
mutuel. Une étroite collaboration s’avere donc essentielle. 


D’abord et avant tout, il faut que les différents 
gouvernements collaborent. En vertu de la Constitution 
canadienne, les ressources naturelles appartiennent aux 
provinces. Il s’agit la de l’une des plus importantes 
prérogatives de chacune des provinces dans _ la 
Confédération canadienne. Il faut donc que les 
gouvernements provinciaux jouent le role de gestionnaires 
efficaces afin de s’assurer que ces ressources soient 
exploitées de fagon a ce que leurs citoyens en retirent le 
maximum d’avantages économiques. Ils doivent aussi 
adopter une attitude d’intendants €conomes et veiller a ce 
que l’on respecte les normes en matiere d’économie 
d’énergie et de protection de l’environnement. 


Le gouvernement canadien a aussi ses prérogatives dans 
le domaine de la politique énergétique: elles découlent de 
sa compétence constitutionnelle en matiere de commerce 
interprovincial et international, de fiscalité et de role de 
gardien de la paix, de l’ordre et de la bonne 
administration publique. Ces responsabilités sont a maints 
égards moins précises que celles des provinces. Voila 


pourquoi la mise en oeuvre efficace des politiques 
énergétiques du Canada exige que l’on_ reconnaisse 
V’existence de _ responsabilités partagées entre le 
gouvernement canadien et les gouvernements 
provinciaux. 


En raison de ce partage des pouvoirs, il devient difficile 
et habituellement imprudent pour le gouvernement 
canadien d’élaborer une politique en ce domaine d’une 
fagon unilatérale. Les provinces ont le pouvoir d’entraver 
la mise en oeuvre des politiques énergétiques nationales 
avec lesquelles elles ne sont pas d’accord et de favoriser le 
succes de celles qui leur conviennent. Il est donc 
impératif d’élaborer une politique énergétique fondée sur 
le dialogue et la collaboration avec les provinces. 


Les Canadiens ont rarement eu, au cours de leur 
histoire, l'occasion de participer a un débat public sur 
Vorientation générale de la politique énergétique. De fait, 
ils n’avaient pas bénéficié de cette occasion depuis 30 ans, 
soit depuis les audiences de la Commission royale sur 
l’énergie en 1958 (La Commission Borden). 


Et pourtant, au cours des 30 dernieres années, de 
profonds changements sont survenus dans le secteur de 
Vénergie sur le plan économique. Certains de ces 
changements ont été provoqués par des événements 


| Traduction| 


The challenge we face is to formulate a_ policy 
framework which will maximize the benefits of our 
resource potential. 


Energy policy must be sufficiently flexible to adjust to 
a constantly changing world. It should also reflect the 
concerns and aspirations of Canadians. Such a policy, 
Madam Chairman, cannot be developed in isolation. 
Rather, it requires a willingness to consult with the 
provinces, the energy industry and other interested parties 
On any energy issues of mutual importance. It also 
requires Close co-operation. 


First of all, there must be co-operation among 
governments. Under the Canadian Constitution, the 
provinces own the resources. This is one of the most 
important prerogatives of a province in our 
confederation. It requires the provincial governments to 
act as effective managers of the resources, ensuring that 
they are exploited in a manner that maximizes economic 
benefit to their citizens. It also obliges them to be prudent 
stewards, to ensure that conservation and environmental 
values are observed. 


The energy policy prerogatives of the Government of 
Canada derive from its constitutional jurisdiction over 
interprovincial and international trade, over taxation, and 
in support of its role in maintaining peace, order and 
good public administration. These responsibilities are in 
many ways more diffuse than those of the provinces. 
Because of this, the effective management of Canada’s 


energy policies requires recognition of shared 
responsibilities between the federal and _ provincial 
governments. 


These shared powers make it difficult, and usually 
unwise, for the Canadian government to make policy 
unilaterally. Provinces have the power to frustrate federal 
energy policies with which they disagree, and to ensure 
success for the policies that they support. This makes it 
essential that energy policy be developed in the context of 
dialogue and co-operation with the provinces. 


In the course of our history, Canadians have rarely 
been provided the opportunity to participate in a public 
debate on the broad orientation of energy policy. In fact, 
they did not have such an occasion in the past 30 years, 
that is, since the hearings of the Royal Commission on 
Energy in 1958 (the Borden Commission). 


During the past 30 years, however, Canada’s energy 
economy has undergone significant changes. Some of 
these have resulted from major international events, 
others from domestic policy decisions. For example, the 
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importants sur la scéne internationale et d’autres ont été 
le résultat de décisions politiques canadiennes. Par 
exemple, l’émergence de l’?OPEP comme force politique 
et économique majeure dans les années 1970 a entrainé 
une escalade des prix mondiaux de pétrole qui a forcé le 
systeme énergétique international a modifier 
considérablement sa_ structure. Les changements 
subséquents dans les conditions du marché, la perte de 
pouvoir de l’OPEP et le déclin des prix du pétrole ont fait 
naitre une période de transition a laquelle l’industrie du 
pétrole continue de s’adapter. 


Les décisions politiques sur le plan intérieur ont 
également contribué a faire évoluer le secteur énergétique. 
Depuis 1984, notre gouvernement a _ modifié 
fondamentalement la politique énergétique et a du faire 
face a plusieurs défis. Nous avons completement 
démantelé le Programme énergétique national et, de ce 
fait, nous avons mis fin a des années d’acrimonie entre le 
gouvernement du Canada et ceux des provinces. Nous 
avons aidé l’industrie du pétrole a s’adapter a la situation 
créée par l’effondrement des prix du pétrole en 1986. 
Nous avons procédé a une déréglementation systématique 
des industries de l’énergie, les laissant libres de profiter 
des occasions qui se présentaient sur le marché 
concurrentiel et nous avons ramené la certitude et la 
stabilité nécessaires pour promouvoir les investissements 
et créer des emplois. Et tout cela, nous l’avons accompli 
en veillant rigoureusement a la _ protection de 
Venvironnement. 


° 1540 


_Peu aprés ma nomination au poste de ministre de 
V’Energie, des Mines et des Ressources, en juin 1986, j’ai 
acquis la conviction que ces changements fondamentaux 
marquaient un point tournant. J’ai eu la nette impression 
que les Canadiens devaient faire une pause, effectuer un 
inventaire et réfléchir sur les défis et que nous devons 
tous relever en matiére de politique énergétique dans 
V’avenir. 


Voila pourquoi, madame la présidente, j’ai annoncé le 
13. avril 1987 le lancement du _ processus appelé: 
Confluence énergétique: un dialogue pancanadien. Je 
m’étais fixé des objectifs ambitieux. Je voulais que l’on 
effectue une révision globale de toutes les questions liées a 
Vénergie et une évaluation des choix et des perspectives 
qui s’offrent aux Canadiens au seuil du XXIe siécle. Je 
n’étais pas uniquement intéressé a obtenir un volumineux 
rapport préparé par un groupe d’experts. Je voulais aussi 
fournir a tous les Canadiens l’occasion de participer a un 
débat public sur le secteur énergétique qui a une nette 
incidence sur la qualité de nos vies. 


Je croyais 4 ce moment-la, et je continue a croire, que 
la politique énergétique doit étre fondée sur un dialogue 
constructif, auquel doivent participer non seulement les 
gouvernements et lindustrie, mais aussi les citoyens 
canadiens. Je voulais favoriser le plus d’échanges de vues 
possible. 
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emergence of OPEC as a major political and economic 
force in the 1970s led to an escalation of world oil prices 
that has stimulated major changes in the structure of the 
international energy system. The subsequent change in 
market circumstances, loss of OPEC power, and decline 
in oil prices has wrought a transition to which the energy 
industry is still adjusting. 


Domestic policy decisions have also contributed to the 
evolution of the energy sector. Since 1984, our 
government has fundamentally changed energy policy and 
responded to several challenges. We have systematically 
dismantled the National Energy Program, thereby ending 
years of acrimony between the federal and provincial 
governments. We have facilitated the petroleum industry’s 
adjustment to the collapse of oil prices in 1986. We have 
systematically deregulated the energy industries, leaving 
them free to respond to opportunities in competitive 
markets, and we have provided the certainty and stability 
needed to promote job-creating investments. We have 
done this within a framework of strong protection for the 
environment. 


Shortly after I was appointed Minister of Energy, 
Mines and Resources in June, 1986, I became convinced 
that these fundamental changes marked a turning point. I 
felt that it was necessary for Canadians to pause, to take 
stock, to reflect on the energy policy challenges that we 
will face in future. 


Madam Chairman, this is why, on April 13, 1987 I 
announced the process called: Energy Options: A 
Canadian Dialogue. My goals were ambitious. I wanted to 
see a comprehensive review of energy issues and an 
assessment of Canada’s options and perspectives on the 
eve of the 21st century. However, I was not solely 
interested in a voluminous report produced by a group of 
experts. I also wanted to provide all Canadians with the 
Opportunity to participate in the public debate in this area 
which clearly affects the quality of our lives. 


I believed, and I still believe, that energy policy should 
be based on a constructive dialogue, involving not only 
governments and the industry, but also Canadian citizens. 
I wanted to encourage the broadest possible exchange of 
views. 
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Pour diriger le processus, j’ai nommé M. Thomas E. 
Kierans, président de MacLeod Young Weir Ltd., a la 
présidence d’un comité consultatif de 23 membres 
représentant les différentes régions et les divers secteurs 
économiques du Canada. 


Le Comité consultatif a accompli une tache 
gigantesque. En vue de stimuler le débat et d’obtenir 
Vopinion des Canadiens, il a tenu durant un an une série 
de conférences et de colloques auxquels ont pris part 
environ 700 personnes. Il a aussi donné a contrat la 
préparation de documents passant en revue les recherches 
qui s’effectuaient alors; il a distribué deux publications 
pour stimuler la discussion, il a invité le public a faire 
connaitre son opinion. Plus de 600 personnes ont 
répondu a l’appel et ont fait connaitre leur point de vue. 
Le Comité consultatif a publié un rapport qui par sa 
largeur de vue et la profondeur de son analyse influencera 
Vorientation des politiques énergétiques qui seront 
formulées au Canada pendant les années a venir. 


J’aimerais profiter de l’occasion, madame la présidente, 
pour remercier publiquement les membres du Comité 
consultatif de la diligence avec laquelle ils se sont 
acquittés de leur tache. C’est grace a leur travail ardu et a 
leur perspicacité que Confluence énergétique s’est avérée 
un succes. Je voudrais également exprimer ma profonde 


gratitude a lendroit de tous ceux et celles qui ont 
participé au processus de Confluence énergétique. 


Le rapport rédigé par le Comité consultatif contient 
une mine de renseignements d’un prix inestimable sur les 
choix qui s’offriront a nous dans l’avenir ainsi que 
certaines idées intéressantes et stimulantes concernant 
V’approche que les gouvernements et l’industrie devraient 
adopter a l’égard de ces options. Comme je l’ai fait 
remarquer plus t6t, la politique énergétique était une 
source de division et de querelles lorsque notre 
gouvernement a été porté au pouvoir. Notre 
gouvernement s’est appliqué a en faire une source d’unité 
et de bonne entente. Aprés avoir lu ce rapport, je peux 
affirmer que nos efforts ont été couronnés de succés. Les 
messages importants du rapport sont compatibles avec les 
orientations que nous avons adoptées en formulant notre 
politique énergétique. Lorsqu’il y a des écarts, les 
ajustements que propose le rapport sont généralement 
d’une importance marginale. 


Le rapport recommande sept principes pour guider 
Vélaboration de la politique énergétique, notamment: 


—mettre en valeur les ressources énergétiques afin de 
favoriser la croissance économique et la prosperite; 


—assurer la sécurité énergétique grace a la diversification 
et a l’adaptation au changement plutot qu’en accumulant 
nos ressources et en essayant d’étre autosuffisant a des 
couts élevés; 


—veiller a ce que les objectifs environnementaux ne 
soient pas subordonnés aux objectifs énergétiques ou a 
d’autres considérations économiques; 
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To spearhead the process, I appointed Mr. Thomas E. 
Kierans, President of MacLeod Young Weir Ltd., to act as 
Chairman of the 23-member advisory committee 
representing Canada’s different regional economic sectors. 


The advisory committee accomplished a major task. In 
order to encourage debate and elicit the opinions of 
Canadians, the committee held a series of conferences and 
seminars Over a One-year span in which some 700 people 
participated. It also commissioned papers reviewing 
current research; issued two publications to stimulate 
discussions; and invited responses from the public, of 
which over 600 were received. The advisory committee 
produced a report which had the bredth and vision of 
analysis to influence the direction of energy policy 
formulation in Canada for years to come. 


I would like to take this opportunity, Madam 
Chairman, to thank publicly the members of the advisory 
committee for the diligence with which they carried out 
their task. Their hard work and insight have done much 
to ensure the success of Energy Options. I also would like 
to express my gratitude to all the participants in the 
Energy Options process. 


The report produced by the advisory committee 
contained much valuable information about the choices 
we will face in the future, as well as some interesting and 
provocative ideas regarding the approach that 
governments and industry should take in making these 
choices. As I noted earlier, when this government took 
office, energy policy was viewed as a source of division 
and contention in Canada. The government set out to 
make it a source of unity and common understanding. 
Reading this report, I would say that we have been 
successful. The central messages of the report are 
consistent with the directions we have already set for 


energy policy. Where there are differences, the 
adjustments called for by the report are generally 
marginal. 


The report recommends a framework of seven broad 
principles to guide energy policy formulation, including: 


—developing energy resources 


growth and prosperity; 


to provide economic 


—achieving energy security through diversifying and 
adapting to change rather than by hoarding and pursuing 
self-sufficiency at any cost; 


—ensuring that environmental goals are not subordinated 
to social or economic objectives; 
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—confirmer le rdle du mécanisme du marché comme 
moyen de répartir les ressources avec efficacité et 
efficience; 

—percevoir et dépenser les recettes par le biais d’un 
régime fiscal qui soit non _ discriminatoire, stable, 
prévisible et neutre, de fagon a favoriser l’harmonie entre 
les gouvernements; 


—faire valoir l’importance de l’efficacité énergétique en 
matiére de compétitivite économique et de respect de 
Venvironnement; 


—reconnaitre le role de la technologie dans 
l’accroissement des choix énergétiques et de la qualité de 
Venvironnement. 
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Le Comité consultatif a fait plusieurs recommandations 
spécifiques découlant de ces principes et de l’examen qu’il 
a effectué des questions relatives au développement 
économique, a la sécurité énergétique, a l’environnement, 
aux marchés de |’énergie, au systeme fiscal, au rendement 
énergétique et a la technologie. Nous ne disposons pas 
assez de temps aujourd’hui pour examiner en détail 
chacune de ces recommandations. Je tiens, cependant, a 
commenter certaines d’entre elles qui ont suscité des 
critiques de la part du public. 


Dans son chapitre sur la sécurité énergétique, le 
rapport de Confluence énergétique mentionne qu’on ne 
devrait pas subventionner les mégaprojets ou toute autre 
forme de remplacement de loffre et de la demande 
d’énergie pour des raisons de sécurité. Cela a amené 
certains cOmmentateurs a remettre en question les 
investissements et l’aide que le gouvernement a consenti a 
fournir aux promoteurs des projets Hibernia et Husky. 


Cette critique est totalement injustifiée. Notre stratégie 
pour les mégaprojets va dans le méme sens que le rapport 
de Confluence énergétique qui reconnait que ceux-ci 
peuvent comporter des mesures d’encouragement pour 
des raisons telles que la création d’emplois et les 
retombées industrielles régionales, et presse les 
gouvernements de le dire explicitement. C’est ce que nous 
avons fait. Nous avons reconnu que ces projets offrent 
d’importantes retombées économiques en matiére de 
développement, tant pour les collectivités ou ils sont 


situés que pour le Canada tout entier. Ainsi, en 
accroissant les aprovisionnements énergétiques du 
Canada, ils contribuent a assurer notre sécurité 


énergétique. Cette approche concorde avec celle que 
publiait mon Ministére en aout 1987. Tous les projets, 
enfin, que nous avons encouragés l’ont été selon le cadre 
de notre politique d’aide pour les mégaprojets de juin 
1987. 


Il y a eu certaines critiques du rapport de Confluence 
énergétique au sujet de ses recommandations sur les 
principes a suivre pour en arriver a établir un meilleur 
marché pour le gaz naturel. A mon avis, les auteurs du 
rapport se sont efforcés de maintenir un certain équilibre 
concernant l’une des questions les plus complexes de la 
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—relying on market mechanisms wherever possible to 
achieve efficient allocation of energy resources; 


—raising and spending revenues through the fiscal system 
in ways that are non-discriminatory, stable, predictable 


and neutral, and which foster harmony among 
governments; 
—the importance of energy efficiency to economic 


competitiveness and environmental sustainability; 


—the role of energy technology in enhancing Canada’s 
energy choices and environmental quality. 


The advisory committee made _ several specific 
recommendations that derive from these principles and 
from their examination of the issues of economic 
development, energy security, the environment, energy 
markets, the fiscal system, energy efficiency and 
technology. We do not have time today to review those 
recommendations in detail. I would, however, like to 
comment on some recommendations that have given rise 
to critical public comment. 


In its chapter on energy security, the Energy Options 
report comments that there should be no need to 
subsidize megaprojects or any other energy supply or 
demand alternatives for security reasons. This has led 
some commentators to question the investments and 
assistance that the Government of Canada has agreed to 
provide to the sponsors of the Hibernia and Husky 
projects. 


This criticism is totally unjustified. Our approach to 
megaprojects is fully consistent with the Energy Options 
report, which acknowledged that incentives might be 
provided to megaprojects for reasons such as employment 
creation and regional industrial benefits, and urged 
governments to state this explicitly. We have done so. We 
have recognized that these projects offer significant 
economic development benefits, both to the regions in 
which they are located and to Canada as a whole. As well, 
by enhancing Canada’s domestic energy supplies, they 
contribute to Canada’s energy security. This approach is 
also consistent with my department’s August, 1987 
discussion paper On energy security. Finally, all of the 
projects we have assisted have been helped in accordance 
with our megaproject assistance policy of June, 1987. 


There has been some criticism directed at the Energy 
Options report for its recommendations regarding the 
principle that should be followed in moving towards a 
more effective natural gas market. In my view, the authors 
of the report endeavoured to steer a balanced course 
through one of the most complex of energy policy issues. 
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politique énergétique. En étudiant les recommandations 
du Comité consultatif, nous ne devrions pas oublier que 
la déréglementation du gaz naturel a été un processus trés 
ardu mais quelle a quand méme été un_ succés. 
L’industrie et les gouvernements ont généralement 
accepté de bon gré la période de transition qui a mené a 
un marché fonctionnant librement, ot les acheteurs et les 
fournisseurs sont les seuls a fixer les prix et a établir les 
autres conditions au contrat. Nous devrions noter ce 
qu’on a réalisé jusqu’a maintenant: 


—nous nous sommes rapprochés de l’objectif de l’accés 
libre et non discriminatoire aux marchés, aux modes de 
transport et aux systemes de distribution; 


—les  distributeurs négocient de nouveau des 
approvisionnements a long terme, choisissant la méthode 
du portefeuille pour faire face a leurs obligations en ce 
qui concerne les services; 


—le gouvernement a en général rendu possible une 
transition ordonnée vers un marché qui fonctionne bien. 


Jai confiance que d’autres progrés seront accomplis 
avec le temps. 


Un grand nombre de groupes canadiens ont appuyé 
fortement les recommandations du rapport de Confluence 
énergétique concernant lefficacité énergétique. J’ai été 
personnellement trés heureux de constater que le Comité 
consultatif a insisté sur l’importance des lois du marché. 
Selon le Comité, c’est encore le moyen le plus rentable 
d’en arriver a lefficaciteé économique en matiére 
d’énergie. [1 a par ailleurs recommandé au gouvernement 
d’accorder son appui aux innovations technologiques et a 
leur mise au point en vue d’améliorer davantage cette 
efficience. 


Le 9 septembre, j’ai annoncé que le gouvernement 
consacrerait plus de 600 millions de dollars, d’ici 1993, 
pour promouvoir la recherche et le développement dans 
le secteur énergétique et une large gamme d’activités 
visant a  favoriser lefficacité et la diversification 
énergétiques. En plus d’encourager la poursuite de la 
prospection de combustibles classifiques et non-classiques, 
jai demandé en particulier que l’on affecte plus de 
ressources 4 l’efficacité énergétique, aux sources d’énergie 
de remplacement et aux technologies énergétiques 
compatibles avec l’environnement. Notre nouvelle 
initiative d’efficacité énergétique et de diversité a été prise 
en vue de permettre d’atteindre les objectifs sur lesquels 
on met l’accent dans le rapport de Confluence 
énergétique, ce qui inclut le développement économique 
et régional, l’efficacité et la productivité de l’industrie, la 
protection de l'environnement et une _ étroite 
collaboration entre le gouvernement et le secteur privé. 
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Lors de la récente réunion intergouvernementale des 
ministres de l’Energie qui s’est tenue a Québec, le 29 
aout, mes collégues provinciaux étaient d’accord avec moi 
pour affirmer que les gouvernements devraient étudier 
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In viewing the Advisory Committee’s recommendations, 
we should all bear in mind that the process of 
deregulation of the natural gas industry has been arduous, 
but at the same time full of successes. Industry and 
governments generally have accepted the transition to 
freely functioning market where buyers and sellers are the 
ultimate determinants of prices and other contract terms. 
We should note the achievements to date: 


—we have moved much closer to non-discriminatory and 
Open access to markets, transportation and distribution 
systems; 


—distributors are again negotiating for long-term supplies, 
opting for a portfolio approach to complement their 
service obligations; and 


—governments in general have tried to be supportive in 
achieving an orderly transition to a_ well-functioning 
market. 


I am confident that more progress will be made with 
the passage of time. 


There has been strong support from a variety of groups 
in Canada for the recommendations of the Energy 
Options Report relating to energy efficiency. I was 
personally very pleased that the advisory committee 
stressed the importance of a market-based approach as the 
most cost-effective means of achieving economic 
efficiency in energy use, while urging government support 
for technological innovation and development to improve 
efficiency. 


On September 9, I announced that the government will 
send more than $600 million by 1993 to support energy 
research on the development and a wide range of 
activities aimed at energy efficiency and diversity. Under 
the Energy Research and Development Program, the 
government will allocate more than $350 million to 
support research and development. In addition to 
continuing research in conventional and _ non- 
conventional fuels, I have specifically requested that 
increased resources be allocated to energy efficiency, 
alternative energy sources, and environmentally 
compatible energy technologies. Our new Energy 
Efficiency and Diversity Initiative is designed to achieve 
the objectives stressed in the Energy Options Report, 
including economic and regional development, industry 
efficiency and productivity, environmental protection and 
strong co-operation between government and the private 
sector. 


At the recent intergovernmental meeting of energy 
ministers in Quebec City, on August 29, my provincial 
colleagues and I agreed that the report deserves careful 
study and consideration by governments. As you know, I 
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soigneusement le rapport et le prendre en considération. 
Comme vous le savez, je me suis engagé a répondre 
publiquement aux recommandations de ce rapport. 


Apres avoir entendu l’opinion d’un_ groupe 
représentant les differents secteurs du public canadien 
intéressé aux questions énergétiques, je crois, madame la 
présidente, qu’il est important a ce stade final de l’étude 
publique de demander a votre Comité de faire connaitre 
son point de vue. Les membres de ce Comité sont élus par 
les Canadiens et députés de circonscriptions qui sont 
largement représentatives du public canadien. Je suis 
également heureux de constater que plusieurs membres 
du Comité ont une expérience et une expertise tres vastes 
dans les questions touchant la politique énergétique. 


C’est done avec fierté et enthousiasme que je vous 
soumets: Les Canadiens et l’énergie: au seuil du XXIe 
siécle. Plusieurs des questions analysées par le Comité 
consultatif sont complexes et difficiles. Je vous invite a 
étudier ce rapport en profondeur et j’attends vos 
commentaires et vos suggestions. 


A mon avis, l’examen que votre Comité fera de ce 
rapport sera bénéfique a tous les Canadiens, car il leur 
permettra) de mieux comprendre les éléments 
fondamentaux de la _ politique énergétique. Vos 
commentaires ainsi que les conseils que me donneront les 
fonctionnaires de mon Ministére me seront d’un précieux 
secours dans la préparation de ma réponse formelle au 
rapport de Confluence énergétique. 


Madame la présidente, messieurs, je vous remercie. 


The Chairman: Thank you very much, Mr. Minister. 
We certainly appreciate those opening remarks. 


You did mention that Mr. Thomas Kierans was 
appointed by yourself to be the chairman of Energy 
Options, and he had a 23-member advisory committee. 
How were they selected, Mr. Minister? 


Mr. Masse: With great care. First of all, we established 
parameters even before thinking about names. We wanted 
to be sure every region of the country would be part of 
the committee and every form or aspect of energy policy 
would have someone there. Based on those two 
parameters, we asked for many names through agencies or 
through lobby groups or through interest groups in 
different energy sectors. 


Having a bank of names, we tried to have people from 
P.EI. to B.C., people from the north, people from 
southern Ontario. There is a mix of all aspects of 
Canadians. Some came from a university background. 
Others had a business background. Others were more 
involved in the lobby aspect of their industry. 


After that, you have to ask people if they are interested, 
and there, sometimes you are surprised: they do not have 
the time and so on. So it is back to the drawing board. It 
has taken longer than we thought to select a committee of 
sO many people. 


Energy, Mines and Resources 


20-9-1988 


[Translation] 


am committed to responding publicly to the report’s 
recommendations. 


Having heard from a broad cross-section of the 
Canadian public interested in energy issues, I think that it 
is important, as a final stage of public review, to solicit the 
views of your committee, Madam Chairman. Your 
committee has the advantage of being an elected body 


whose members’ represent constituencies broadly 
representative of the Canadian public. I appreciate also 
that among the committee members are _ several 


individuals with considerable experience and expertise in 
dealing with energy policy issues. 


It is therefore with great pride and enthusiasm that I 
submit to you Energy and Canadians: Into the 21st 
Century. Many of the issues analysed by the Advisory 
Committee are complex and difficult. I invite you to 
conduct an in-depth review and I look forward to your 
comments and suggestions. 


In my view, the examination of the report by your 
committee will pay dividends to all Canadians in terms of 
a broader understanding of the basic elements of energy 
policy. Your comments, and the advice that I will seek 
from my department, will be of great value in the 
preparation of my formal response to the Energy Options 
report. 


Thank you, Madam Chairman. 


La présidente: Merci beaucoup, monsieur le ministre. 
Nous vous remercions de ces remarques préliminaires. 


Vous avez dit avoir nommé M. Thomas Kierans 
président de Confluence €nergétique et vous avez ajouté 
que son comité consultatif comptait 23 membres. 
Comment ont-ils été choisis, monsieur le ministre? 


M. Masse: Nous avons tout d’abord fixé des paramétres 
avant méme de penser a des noms. Nous voulions nous 
assurer de la représentation de chaque région et des 
moindres aspects des politiques énergétiques au comité. A 
partir de ces deux paramétres, nous avons demandé a des 
organismes ou a des groupes de pression des différents 
secteurs €nergétiques de nous proposer de nombreuses 
candidatures. 


Et nous avons essayé de trouver des gens depuis l’[le-du- 
Prince-Edouard jusqu’a la Colombie-Britannique, sans 
oublier le Nord et le sud de l’Ontario. I] y avait des 
universitaires, des hommes d’affaires et aussi des membres 
du lobby de leur industrie. 


Par la suite, il faut demander 4 ces gens si la chose les 
intéresse et la vous avez parfois des surprises, lorsqu’ils 
vous disent ne pas avoir le temps, par exemple. Il faut 
donc se consulter 4 nouveau. Le choix d’un comité 
regroupant tant de participants nous a pris plus longtemps 
que prévu. 
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I am very pleased with the committee, the background 
of the group. They really have worked hard, in the sense 
that they had many meetings. They had the official 
meetings, but they had many meetings to prepare the 
seminars in the country and after that to draft the report, 
taking into account the research they themselves had 
asked for in the universities and so on, and try to find a 
kind of compromise in all that. Most of the 
recommendations are supported by 100% of the members 
of the committee. Some have a minority approach, and 
that is stated in the report. 


The reason is to fulfil a Liberal promise of the last 15 
years, which is to open the cartographic centre in 
Sherbrooke. 


Mr. MacLellan: You are fulfilling Liberal promises and 
you are not even fulfilling your own. 


Mr. Masse: I can assure you it was easier for you to 
make the promise than for us to deliver the goods. 


Mr. MacLellan: Good gosh, that is a switch. 
De Gin fe) 


The Chairman: I would just ask the committee’s 
approval to have a seven-minute question period so each 
person would have time for a first round. Mr. MacLellan. 


Mr. MacLellan: Mr. Minister, I do not know how you 
can ask us to look at this constructively and to comment 
on it when you are not even approving of it yourself. The 
comments you made when this report was made public 
were similar to the comments you might have made if 
you were asked to comment on The Communist 
Manifesto. I mean, you distanced yourself completely 
from the report. I just want to know if you favour this 
report. Do you think this is a good report? 


Mr. Masse: What I explained right at the beginning, in 
April, 1987, was first of all we would have the public 
consultation process, and after that the report should be 
tabled with the House of Commons committee, this one. 
Then the people, the members of the House, would have 
a chance to have their own input in the discussions and 
that would give an opportunity for people outside the 
committee to come and explain what they think about the 
recommendations of the committee and explain if they 
agree or disagree with one or another aspect of the 
committee. 


There you will formulate your report and that is there 
in my thinking. We have two months—something of that 
kind—to answer. For me, that was the place where as the 
Minister of Energy I would answer to the committee. If in 
the middle of the process I would have taken the 
opportunity to explain all my thinking, your first question 
would be why the hell are we here, Mr. Minister, because 
you have already stated your recommendations. 


Mr. MacLellan: I think you anticipated a question that 
probably most Canadians are asking, which is why did 
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Je suis trés satisfait du comité et de l’expérience de ses 
membres. Ils ont vraiment beaucoup travaillé car ils ont 
tenu de nombreuses réunions. I] y a en a eu d’officielles, 
mais beaucoup d’autres aussi, pour préparer des colloques 
a lV’échelle du pays; par la suite ils ont di rédiger le 
rapport en tenant compte des recherches qu’ils avaient 
confiées aux universités et a d’autres groupes et en 
essayant de trouver une sorte de moyen terme dans tout 
cela. L’ensemble des membres du Comité appuient la 
plupart des recommandations. Certains ont une 
perspective divergente, comme l’indique le rapport. 


Il s’est agi de tenir une promesse qu’avaient faite les 
Libéraux il y a 15 ans, celle d’ouvrir le Centre de 
cartographie a Sherbrooke. 


M. MacLellan: Voila que vous tenez les promesses des 
Libéraux sans pouvoir méme tenir les votres. 


M. Masse: Je peux vous assurer qu'il vous a été plus 
facile a vous de faire des promesses qu’a nous de les 
réaliser. 


M. MacLellan: C’est le monde a |’envers! 


La présidente: Voudriez-vous que chacun dispose de 
sept minutes de questions pour que vous ayez tous le 
temps pour un premier tour? Monsieur MacLellan. 


M. MacLellan: Monsieur le ministre, comment pouvez- 
vous nous demander d’examiner ce rapport de fagon 
constructive et de le commenter alors que vous ne 
Vapprouvez méme pas vous-méme? Lorsqu’il a été rendu 
public, les commentaires qu’il vous a inspirés étaient 
semblables a ceux que vous auriez pu faire si l’on vous 
avait demandé de commenter le Manifeste communiste. 
Je veux dire par la que vous vous en étes complétement 
distancié. J’aimerais savoir si vous appuyez ce rapport. 
Vous parait-il valable? 


M. Masse: Ce que j’ai expliqué au tout début, en avril 
1987, c’est qu’il fallait tout d’abord organiser un processus 
de consultations publiques aprés lesquelles le rapport 
serait déposé au comité de la Chambre des communes, ce 
comité-ci. Par la suite, les gens, les députés, auraient la 
possibilité de participer aux discussions et d’inviter 
d’autres personnes a venir expliquer ce qu’elles pensent 
des recommandations du Comité tout en disant s’ils 
approuvent Ou non certaines de ses caractéristiques. 


Par la suite, ce sera a vous d’élaborer votre rapport et 
vous disposez d’environ deux mois pour le faire. C’est a ce 
stade que je pourrai répondre au Comité en tant que 
ministre de l’Energie. Si au cours du processus, je vous 
expliquais le fond de ma pensée, vous vous demanderiez 
aussit6t: a quoi cela sert de discuter, puisque vous avez 
déja exposé vos recommandations? 


M. MacLellan: Je pense que vous avez déja prévu une 
question que se posent probablement la plupart des 


49:12 


[Text] 


you want this report. And if it means something why did 
the government go against it, particularly with respect to 
mega-projects? 


You say that such a criticism would be totally 
unjustified because our approach to mega-projects is fully 
consistent with the Energy Options report, which 
acknowledged that incentives might be provided for mega- 
projects for reasons such as employment creation and 
regional industrial benefits and urged governments to 
state this explicitly. We have done so. 


But no, the reports I have read on the Hibernia and 
the Lloydminster upgrader have not indicated that the 
government looks upon those as regional development 
projects at all. They look upon those as energy projects. 
Yet Energy Options states that if governments choose to 
support mega-projects for other reasons such as regional 
development, the fiscal treatment should be designed to 
avoid distortion or confusion of energy policy objectives. 


There is absolutely no relation to what you have done 
in the last few months with what is recommended in 
Energy Options, nor what you have said in stating that 
the market should dictate the activity in the energy sector. 
I find that somewhat incredible. 


M. Masse: Premiérement, madame la présidente, je 
crois qu’en tant que ministre de |’Energie, je me dois de 
tenir compte dans les décisions que l’on prend d’un 
certain nombre de recommandations, de suggestions, de 
politiques qui proviennent de différents secteurs de 
activité gouvernementale ou méme de différents paliers 
de gouvernements. 


Souvenons-nous que, ici méme a Ottawa, la premiere 
conférence fédérale-provinciale des ministres de l’Energie 
a été tenue il y a déja un an et demi et elle portait sur la 
sécurité des approvisionnements. C’était la premiére 
conférence que nous avions, des huit années précédentes, 
qui a porté la-dessus; a ce moment-la, une des conclusions 
de l’analyse de la discussion avec les ministres 
provinciaux c’était que le gouvernement du Canada doit 
attacher une importance fondamentale a la sécurité des 
approvisionnements. 


A la suite de cette réunion-la, en accord avec les 
ministres, nous avons formé un groupe de travail de 
fonctionnaires en provenance des provinces et du 
gouvernement fédéral pour discuter de cette question-la, 
et des recommandations ont été faites a savoir qu’il faut 
passer a l’action dans un certain nombre de champs 
lorsque c’est techniquement faisable pour assurer dans 
cing, six, sept ou dix ans, une sécurité énergétique que 
nous avons maintenant. Premiére source donc, 
d’information ou de politique. 
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Canadiens, a savoir pourquoi vous avez voulu ce rapport. 
S’il a vraiment un sens, pourquoi le gouvernement s’y est- 
il opposé, notamment en ce qui concerne les mégaprojets? 


Vous dites qu’un tel reproche serait tout a fait injustifié 
car, pour ces projets, vous appuyez pleinement les 
recommandations du rapport de Confluence énergétique, 
selon lesquelles on pourrait encourager les mégaprojets 
qui permettent la création d’emplois aussi bien que 
d’avantages industriels régionaux, de sorte que les 
gouvernements devraient l’indiquer clairement. Vous 
dites l’avoir fait. 


Mais ce n’est pas le cas: d’apreés les rapports que j’ai lus 
sur Hibernia et l’usine de préraffinage de Lloydminster, il 
ne semble pas du tout que le gouvernement les considére 
comme des projets de développement régional mais plutét 
comme des projets énergétiques. Or, Confluence 
énergétique a indiqué que si les gouvernements décident 
d’appuyer des mégaprojets pour des raisons autres que le 
développement régional, il faut leur faire un traitement 
fiscal qui permette d’éviter la distorsion ou la confusion 
des objectifs de la politique énergétique. 


Il n’existe absolument aucun lien entre ce que vous 
avez accompli ces tout derniers mois et _ les 
recommandations de Confluence énergétique ou ce que 
vous avez dit a4 propos du marché, qui devrait dicter ses 
activités au secteur €nergétique. Je trouve cela quelque 
peu incroyable. 


Mr. Masse: First of all, Madam Chairman, I think that 
as Minister of Energy I must take into account in the 
decision taken a certain number of recommendations, 
suggestions, and policies coming from different sectors of 
government activity or even different levels of 
government. 


Let us not forget that here in Ottawa, the first federal- 
provincial conference of energy ministers took place as 
much as a year and a half ago and that it dealt with 
security of supply. In eight years, it was the first 
conference to deal with this topic; one of the conclusions 
of the discussions with the provincial ministers was that 
the Government of Canada must consider security of 
supplies a key element. 


After that meeting and agreement with the ministers, 
we established a task force of civil servants representing 
the provinces and the federal government to discuss that 
question, and it was recommended that we act in a certain 
number of fields, when it is technically feasible, to ensure 
within five, six, seven, or ten years, the energy security we 
now have. So that is one source of information or policy. 
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La deuxiéme source d’information ou de politique, 
c’est l’énoncé de principe que j’ai déposé a Edmonton, le 
lendemain du discours du Budget fait par M. Wilson au 
mois de juin de l’année derniere. Dans ce document, on a 
expliqué les criteres dont le gouvernement allait tenir 
compte lors de discussions ou lors d’ententes avec des 
consortiums concernant les mégaprojets. 


La troisiéme source de consultation est le rapport dont 
nous discutons aujourd’hui. Ce rapport ne met pas en 
cause la politique du gouvernement. Il précise qu'il y a 
lieu d’assurer le développement énergétique au Canada, 
mais que ce développement énergétique doit é€tre fait 
comme tel, et que si le gouvernement a des raisons 
supplémentaires de le faire, il doit les spécifier et les 
expliquer. 


Ce rapport était public lorsque nous avons annoncé le 
premier mégaprojet depuis plusieurs années au Canada, 
celui d’Hibernia. Je me souviens fort bien que le 
gouvernement a clairement expliqué que le projet 
Hibernia était un projet essentiel a la construction du 
Canada et un investissement important pour cette région 
du pays, et que c’était, par cons€quent, un trés important 
projet de développement régional dans le secteur 
énergétique. Ce projet de développement régional aurait 
pu étre dans un autre domaine. C’est un projet dans le 
domaine de l’énergie parce que c’est cette sorte de 
richesse naturelle que nous avions a mettre en valeur. 


Le gouvernement a clairement expliqué son approche 
et clairement montré ses couleurs. Dans ce sens-la, il a 
répondu parfaitement a la demande faite dans le rapport 
Confluence énergétique. Il en a été de méme dans le cas 
des autres projets que nous avons annoncés depuis. 


The Chairman: If we have time, we will come back to 
you, Mr. MacLellan. 


Mr. Masse: I want to make sure that everybody 
understands this. I will read the paragraph about that in 
French. 


C’est a la page 94: Mégaprojets. 


Au chapitre II, le Comité consultatif a fait remarquer 
que le gouvernement ne devait pas nécessairement 
accorder un appui spécial aux mégaprojets énergétiques 
pour des raisons de sécurité énergétique. Nous croyons 
que les régimes fiscaux actuels ne conviennent 
peut-€tre pas aux mégaprojets. Si les gouvernements 
choisissent d’appuyer les mé€gaprojets pour d’autres 
raisons, par exemple, le développement régional, il 
faudra penser a des mesures fiscales qui permettront 
d’éviter toute distorsion et toute confusion dans les 
objectifs de la politique énergétique. 

Je pense que nous avons tenu compte de cet aspect du 

rapport, et nous l’avons clairement indiqué. 


Mr. Nystrom: I welcome the minister to the committee. 
I want to continue the same lines of questioning as Mr. 
MacLellan. But before that, perhaps you could tell the 
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The second source of our information or policy is the 
declaration of principle I presented in Edmonton in June 
of last year, the day after Mr. Wilson made his budget 
speech. In that statement I explained what criteria the 
government would use in its discussions or agreements 
with consortiums on megaprojects. 


The third source of advice is the report we are 
discussing today. It does not question government policy. 
It says that energy development in Canada must be 
ensured, but that it must be done in such a way as to meet 
energy objectives and that if the government has other 
reasons to act, it must give those reasons and explain 
them. 


The report had already been made public when we 
announced Hibernia, the first megaproject in years in 
Canada. I remember very well that the government clearly 
explained that Hibernia was essential to the development 
of Canada, that it was an important investment for the 
region and that, consequently, it was a very important 
regional development project in the energy sector. It 
could have been in another sector. It has taken place in 
the energy sector because that was the natural resource 
that was there to develop. 


Government clearly explained its approach and laid its 
cards on the table. In that sense it has done as the Energy 
Options report asks. And the same is true of other 
projects which have been announced since. 


La présidente: Monsieur MacLellan, vous aurez un 
autre tour si nous en avons le temps. 


M. Masse: Je veux m/’assurer que tout le monde 
comprenne bien. Je vais vous lire le paragraphe qui porte 
la-dessus. 


It is on page 85: Megaprojects. 


In chapter 2, the Advisory Committee noted that there 
should be no _ need to provide extraordinary 
government support for energy megaprojects for energy 
security reasons. We recognize that megaprojects may 
not fit easily within existing fiscal regimes. If 
governments choose to support megaprojects for other 
reasons, such as regional development, the fiscal 
treatment should be designed to avoid distortion or 
confusion of energy policy objectives. 


I think we have taken into account that aspect of the 
report, and we have said so clearly. 


M. Nystrom: Je souhaite la bienvenue au ministre. Je 
vais continuer dans la méme veine que M. MacLellan. 
Mais auparavant, peut-étre pourriez-vous dire au Comité 
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committee what the response has been from your 
provincial colleagues to the Energy Options report. 


Mr. Masse: I[ will tell you from my own memories, and 
I want to be just with everybody. Alberta raised some 
questions about the provincial rights and the fiscal regime 
that we already have between Canada and Alberta. They 
were worried about some of the energy option 
recommendations. Quebec has raised some questions 
about the electricity aspect of the report, the transmission 
lines. Those are the two provinces that have been most 
vocal on this question. 


At the end June, when I met with the provinces, I 
tabled the report. I have sent them a letter, asking them to 
prepare their thinking about the report. They will have 
two or three options: they can appear here and answer 
your questions and make their statements; they can write 
directly to the ministers; or they can have discussions with 
the department officials, which would help me to prepare 
the public answer. 
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Mr. Nystrom: Switching to what Russ was asking 
about—that is, mega-projects—without repeating a lot of 
stuff, on page 41 of Energy Options a certain amount of 
doubt is cast on the economic wisdom of mega-projects. 


I want to then switch to Lloydminster. In principle, I 
have nothing at all against the development of 
Lloydminster. It is in my own province, and indeed an 
upgrader there may be a tremendous idea down the road 
ahead. But one of the problems we have is the uncertainty 
of the price of oil in the future. It was said that it has to 
be around $25 a barrel before it is economic. Today it is 
around $14 or $15 a barrel. 


I wonder if you can shed any more light for the 
committee, in addition to what we have had from the 
press and so on, as to the reason for the go-ahead at this 
time. Certain cynics such as Len Gustafson would say it 
might be election timing, but I do not really believe him. 


I also wanted to ask you this, Mr. Minister, perhaps 
even before you answer that. It was noted with a bit a 
curiosity in the Prairies that you were not there for the 
announcement, and this is a pretty big announcement of a 
pretty major project. Other ministers were there and you 
were not. I assume you were otherwise occupied, but I 
wonder if you could tell us why you were not there. It 
obviously raised a few eyebrows. 


Mr. Masse: You have raised many questions. I will try 
to give you a couple of answers, and if I forget one 
question, please come back. 


Premierement, en ce qui concerne la question des prix 
de Vavenir lors d’une décision sur un mégaprojet, il est 
évident qu’actuellement, les arguments de l’un peuvent 
valoir les arguments de l’autre, puisqu’on ne sait pas 
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ce qu’ont pensé vos homologues provinciaux du rapport 
de Confluence énergétique. 


M. Masse: Je vais me fier 4 ma mémoire, et je tiens a 
étre juste envers tout le monde. L’Alberta a soulevé des 
questions concernant les droits provinciaux et l’entente 
fiscale qui existe entre le Canada et |’Alberta. Certaines 
recommandations faites dans le rapport ont suscité des 
craintes dans cette province. Le Québec avait des 
questions a propos de l’électricité, des lignes de transport 
de lVélectricité. Ce sont les deux provinces qui ont eu le 
plus a dire sur la question. 


A la fin juin, lorsque j’ai rencontré les représentants 
des provinces, j’ai déposé le rapport. Je leur ai envoyé une 
lettre leur demandant de donner leur avis. Elles ont deux 
ou trois options: elles peuvent comparaitre devant le 
Comité pour répondre a vos questions et faire leur 
déclaration; elles peuvent écrire directement aux 
ministres; ou elles peuvent s’adresser aux fonctionnaires 
du ministére, ce qui m/aiderait a préparer la réponse 
officielle. 


SS 


M. Nystrom: Pour passer a ce dont parlait Russ— 
c’est-a-dire aux mé€gaprojets—sans trop ressasser les 
mémes choses, on peut voir a la page 43 du rapport que 
les auteurs mettent en doute la sagesse €conomique des 
mégaprojets. 


Passons maintenant a Lloydminster. En principe, je 
n’ai rien contre le développement de Lloydminster. C’est 
dans ma province, et il se peut fort bien qu’une usine de 
préraffinage s’avére une excellente chose a l’avenir. Mais 
nous ne savons pas quel sera le prix du pétrole dans 
Vavenir. On a dit qu’il fallait qu’il atteigne 25$ le baril 
pour que le projet soit rentable. Le pétrole se vend 
aujourd’hui environ 14$ ou 15$ le baril. 


Je me demande si vous pouvez expliquer au Comité, 
avec un peu plus de précisions que ce que nous avons pu 
lire dans la presse, la raison qui vous a poussés a aller de 
Vavant maintenant. Certains cyniques, comme Len 
Gusfafson, diraient que c’est en rapport avec la campagne 
électorale qui s’annonce, mais je ne le crois pas vraiment. 


Je voudrais vous poser une autre question, monsieur le 
ministre, a laquelle je vous demanderais peut-étre de 
répondre en priorité. On a remarqué avec quelque 
étonnement dans les Prairies que vous n’étiez pas présent 
lorsque l’on a annoncé ce projet d’une assez grande 
importance. D’autres ministres étaient la, mais vous étiez 
absent. Je suppose que vous étiez pris, mais je me 
demande si vous pouvez nous expliquer votre absence. Il 
est évident qu’elle a surpris. 


M. Masse: Vous avez soulevé de nombreuses questions. 
Je vais essayer d’y répondre, et si j’en oublie une, 
n’hésitez pas a me la rappeler. 


First of all, as regards the question of oil prices in the 
future in the context of deciding on a megaproject, it is 
obvious that one man’s guess is as good as the other’s, 
since no one knows what the situation will be 10, 15, or 
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quelle sera la situation dans 10, 15 ou 20 ans. C’est a ce 
moment-la qu’on jugera si la décision a été largement 
favorable au Canada ou si, au contraire, elle a causé des 
problémes, particuliérement dans le domaine de la mise 
en valeur des ressources naturelles ou le prix 
international fluctue continuellement. 


Les Canadiens ont dt prendre des décisions de ce genre 
a maintes reprises au cours de leur histoire. Lorsqu’il s’est 
agi d’établir un réseau de chemins de fer au Canada, les 
députés ont sans doute eu des discussions semblables a 
celles d’aujourd’hui sur la sagesse d’investir autant 
d’argent dans les chemins de fer. Il en a été de méme 
lorsque le gouvernement Bennett, en 1936, a décidé 
d’établir un réseau national de radio, CBC-Radio-Canada, 
au moment ou ce type d’industrie en était 4 ses débuts. La 
méme chose s’est produite—je m’en souviens fort bien 
parce que c’est plus prés de nous—lors de la canalisation 
du Saint-Laurent et de l’établissement des écluses sur le 
fleuve Saint-Laurent, 4 Montréal, 4 la fin des années 50. 
Encore 1a, on se posait des questions sur la sagesse de ces 
investissements publics. 


Je vous donne ces exemples et je pourrais vous en 
donner d’autres. Vous en connaissez vous-mémes dans 
votre province. Il y a toujours un moment ou il y a une 
décision a prendre avec les éléments qu’on a a ce moment- 
1a, compte tenu de nos prévisions sur les prix de l’avenir. 
Je ne peux pas vous parler de l’avenir, mais je peux vous 
assurer que ces décisions ont été prises en collaboration 
avec un ensemble de participants, tant du secteur privé 
que des provinces, avec des fonctionnaires et des experts- 
conseils de l’extérieur qui ont fait des analyses sur ces 
questions-la. 


Si le gouvernement canadien avait agi seul, vous 
pourriez dire, 4 la limite: Oui, mais vous étes le seul a 
penser ainsi. Mais dans tous ces projets-la, honnétement, 
nous sommes nombreux autour de la table. Dans le cas du 
projet Hibernia, il y a au moins cing sociétés privées qui 
ont toutes intérét a assurer des profits a leurs actionnaires. 
Il y avait également la une province, soit Terre-Neuve. 
Dans le cas du projet de Lloydminster, encore 1a, il y a 
une société privée, Husky, ainsi que deux provinces qui 
ont intérét 4 ce que les analyses soient le plus valables 
possible, compte tenu de ce qu’on connait aujourd’hui de 
Vavenir. Il en est ainsi pour d’autres projets dont nous 
discutons actuellement au ministéere de l’Energie, des 
Mines et des Ressources. 


Parlons maintenant de la question de la période ou les 
annonces se font. Ces projets-la ne se décident pas en 
l’espace de deux mois, honnétement, ni en l’espace d’une 
semaine. Ils nécessitent des années de discussion et des 
mois de négociation. 
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Le projet Hibernia est l’un des premiers projets 
auxquels j’ai eu 4 m’intéresser lorsque je suis arrivé au 
Ministére au mois de juillet, il y a deux ans. Une des 
premiéres réunions que j’ai eues avec le secteur pétrolier 
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20 years from now. That is when we will be able to judge 
if a decision was good for Canada or if, on the contrary, it 
has been a source of problems, particularly in natural 
resource development where international market prices 
are always fluctuating. 


Canadians have had to make many such decisions in 
their history. When the decision had to be made to build 
a railway line in Canada, the members at the time 
probably had the same type of discussion we are having 
today on the wisdom of investing so much money in 
railways. The same thing happened in 1936 when the 
Bennett government decided to create a national radio 
network, CBC, at a time when radio was a fledgling 
industry. And it was the same thing—and I remember that 
very well because it is closer to us in time—for the 
construction of the St. Lawrence seaway and of the locks 
in Montreal at the end of the 1950s. Then, too, there were 
questions about the wisdom of such public investments. 


I am giving you those examples and I could find others. 
You are aware of some in your own province. There 
always comes a time when you have to make a decision 
with the information available at that time and while 
taking into account projections of future prices. I cannot 
foretell the future, but I can assure you that these 
decisions were made in consultation with a number of 
participants from the private sector as well as the 
provinces, with public servants and outside consultants 
who have done studies on those questions. 


If the Canadian government had acted alone you could 
maybe say: Yes, but you are the only one to think that 
way. However, I can say truly that for all those projects 
there were many people around the table. In the case of 
Hibernia, there were at least five private companies which 
all had an interest in guaranteeing a profit to their 
shareholders. There was also a province, Newfoundland. 
In the case of Lloydminster, there was again one private 
company, Husky, as well as two provinces which were 
interested in seeing that the best possible analysis was 
done with the data then available for the future. And the 
same is true of other projects that we are discussing at 
present within the Department of Energy, Mines and 
Resources. 


Let us come now to the question of the time chosen for 
the announcement. Such projects cannot be decided in a 
couple of months nor in a week. They take years of 
discussions and months of negotiations. 


Hibernia was one of the first projects I had to deal with 
when I came to the department in July two years ago. 
One of the first meetings I had with the oil industry was 
held in Vancouver and dealt with this very project. 
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a eu lieu a Vancouver et portait déja sur le projet 
Hibernia. Les représentants du secteur privé et de la 
province concernée se rencontraient a cette réunion dil y 
a presque deux ans et demi. 


Depuis cette €poque, il y a eu des hauts et des bas. Il y 
a eu des discussions au Canada, aux Etats-Unis et dans 
ensemble des provinces. Il y a eu des réunions 
concernant Hibernia dans pratiquement toutes les villes 
du Canada. [Il arrive un moment ou nous nous sommes 
entendus et ol nous sommes préts a faire l’annonce. Il en 
est de méme dans le cas du projet de Lloydminster. 


La question que vous posez, a mon avis, est la suivante: 
les gouvernements doivent-ils administrer pendant la 
durée de leur mandat ou si, au contraire, il doit y avoir 
un code d’éthique ou un amendement a la Constitution 
canadienne prévoyant que lorsque la presse ou les partis 
d’opposition voient des objections a une chose, les 
gouvernements doivent cesser d’administrer sans qu’il y 
ait une élection? Si telle est votre suggestion, je veux bien 
qu’on en discute. Cependant, qu’on en _ discute 
ouvertement et qu’on cesse de croire qu’un gouvernement 
qui administre pendant la durée de son mandat est un 
gouvernement qui sent les élections. 


The Chairman: We will have to come back to you, Mr. 
Nystrom. 


Mr. Masse: I am not sure whether I have forgotten one 
question. 


The Chairman: He did have another question. That is 
right, Mr. Minister. 


M. Nystrom: Pourquoi le ministre n’était-il pas 1a? 


M. Masse: 
Lloydminster? 


Pourquoi le ministre n’était-il pas a 


M. Nystrom: Oui. 


M. Masse: D’abord, le ministre était deja allé a 
Lloydminster, je tiens a vous le dire. Deuxiémement, cette 
fin de semaine-la j’étais—osons dire le mot—en vacances 
au Québec, dans les Laurentides, et le gouvernement était 
amplement représenté par deux ministres des deux 
provinces concernées, par M. Mazankowski et par M. Bill 
McKnight. Tous ces gens-la ont certainement attiré 
suffisamment la presse pour que la population canadienne 
soit renseignée sur le projet. 


Mr. Gagnon: Madam Chairman, I have three points I 
would like to raise, if I could get them all in in the seven 
minutes. 


Mr. Minister, you found $400 million for the Husky 
upgrader. It is benefiting one oil company. Would you 
consider extending the Canadian Exploration and 
Development Incentive Program another year to help the 
other 599 companies out there as well as the drillers? 
Their cashflow is estimated as being down 22% this year 
over last year. 
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Representatives of the private sector and the province 
were already meeting two years and a half ago. 


Since that time, there have been ups and downs. 
Discussions were held in Canada, in the United States, 
and in all provinces. Meetings were organized on 
Hibernia in almost all Canadian cities. At a certain point 
an agreement was reached and we were ready to make the 
announcement. The same thing applies to the 
Lloydminster project. 


I think you are asking the following question: Should 
the role of government be to govern during its term of 
office, or should there be a code of ethics or an 
amendment to the Constitution stating that when the 
press or the opposition parties object to something, the 
government should cease governing until an election? If 
that is what you are suggesting, I do not mind discussing 
it. However, let us talk openly about it and stop saying 
that a government that governs is only thinking about the 
coming elections. 


La présidente: Nous devrons revenir 4 vous, monsieur 
Nystrom. 


M. Masse: Je me demande si je n’ai pas oublié une 
question. 


La présidente: En effet, monsieur le ministre, le député 
avait une autre question. 


Mr. Nystrom: Why was the minister not there? 


Mr. Masse: Why the minister was not in Lloydminster? 


Mr. Nystrom: Yes. 


Mr. Masse: First of all, I want to stress that the minister 
had already been in Lloydminster. Secondly, let me be 
frank and say that I was holidaying in the Laurentians 
that weekend, and that the government was very well 
represented by two ministers from the provinces 
concerned, Mr. Mazankowski and Mr. Bill McKnight. I 
am sure all these people attracted enough media attention 
to have the Canadian public well informed on the project. 


M. Gagnon: Madame la _ présidente, j’ai_ trois 
observations a faire, si mes sept minutes le permettent. 


Monsieur le ministre, vous avez trouvé 400 millions de 
dollars pour lusine de préraffinage Husky qui ne 
profitent qu’a une société pétroliére. Accepteriez-vous de 
prolonger pendant un an encore le Programme canadien 
d’encouragement 4a l’exploration et a la mise en valeur 
pour aider les 599 autres sociétés ainsi que les compagnies 
de forage? On estime que leur marge d’autofinancement a 
subi une baisse de 22 p. 100 cette année par rapport a l’an 
dernier. 
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M. Masse: Premiérement, je peux vous assurer que 
V’intérét que nous portons au secteur €nergétique touche 
tous les secteurs et toutes les sociétés impliqués dans le 
domaine énergétique, dans l’une ou l’autre des provinces 
ou dans l’un ou |’autre des domaines. 


Deuxiémement, le gouvernement n’a pas craint, 
lorsque cela a été nécessaire, d’apporter une aide de 
plusieurs centaines de millions de dollars au secteur 
énergétique, que ce soit dans les mines ou dans le secteur 
pétrolier, dans le cadre des programmes que vous 
connaissez. 


Troisiemement, je suis bien au courant de la situation 
que vous décrivez. J’ai eu l’occasion, entre autres a la 
demande de M™ la présidente, de rencontrer les gens des 
groupes intéressés. Cette semaine—je crois que c’est lundi 
matin, a 8h30—a mon bureau, nous avons discuté de cette 
question. Depuis, des rencontres ont eu lieu entre les 
représentants des groupes que vous mentionnez et les 
fonctionnaires de mon Ministére. Je devrais étre en 
mesure de faire des recommandations a mes collégues sur 
la question que vous soulevez au cours des prochains 
jours. 


Mr. Gagnon: The second point I would like to raise is 
regarding the Cold Lake project that Imperial Oil 
undertook. It was one of the first things you visited when 
you took on your new portfolio. Their original proposal 
was to spend in excess of $11 billion and build one 
massive plant. They have changed that to build in stages. 
They would build a stage, get it on-stream, and build 
another stage. The concept is the same sort of concept 
Esso had in the original Cold Lake project—in other 
words, there will be no cashflow until the entire plant is 
built. 


Palols 


There was a much different concept proposed to your 
predecessor three years ago called the Cascade approach, 
where 5,000 barrel increments were added to a plant. The 
experts—Triad Engineering Services Ltd., a very well 
recognized Calgary firm—believed at the time that they 
could produce the plant in the neighbourhood of $10,000 
per barrel of capacity versus the estimated $25,000 per 
barrel of capacity. I notice the current estimate of Husky 
is in the magnitude of $27,000 and change. 


The benefits of course are first and foremost that you 
lower capital costs, which means better economics; you 
have a much more stable work force; you build one 
increment, then a second and a third increment; much 
more can be done in Canada, which means many more 
jobs in Canada. Inasmuch as we have a $400 million 
investment in this, I wondered why you have not had a 
good look at this other concept of incremental approach, 
or have we? 
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Mr. Masse: First, I can assure you that we are interested 
in all sectors and all companies of the energy industry, in 
whatever province and whatever field. 


Secondly, when the need was there, the government 
did not hesitate to help the energy sector with several 
hundred millions of dollars, under the different programs. 


Thirdly, I am well aware of the situation you describe. 
I had the opportunity, at the request of the Chairman 
among others, to meet the concerned groups. We even 
discussed the matter in my office this week, I think it was 
Monday morning at 8.30. Since then, meetings were held 
between representatives of the groups mentioned and my 
officials. I should be able to make recommendations to 
my colleagues on that matter in the coming days. 


M. Gagnon: Deuxiemement, j’aurais une question au 
sujet du projet de Cold Lake entrepris par la compagnie 
pétroliere Impériale. C’est un des premiers projets que 
vous avez visités 4 votre arrivée au ministére. Cette société 
proposait a l’origine de consacrer plus de 11 milliards de 
dollars a la construction d’une énorme usine. Elle a 
maintenant changé d’avis et prévoit construire par étapes. 
Elle construirait une phase, la mettrait en service, et en 
construirait une autre ensuite. Il s’agit du méme genre de 
concept que celui que proposait la société Esso au départ 
pour le projet Cold Lake, autrement dit, il n’y aura pas de 
mouvement de trésorerie avant que toute l’usine ne soit 
construite. 


Il y a trois ans, on avait proposé a votre prédécesseur 
un concept tout a fait different qui s’appelait le procédé 
en cascade et oW On ajoutait a une usine des suppléments 
de capacité de 5,000 barils. Les spécialistes—de Triad 
Engineering Services Ltd., une entreprise réputée de 
Calgary—estimaient a l’€poque qu’ils pourraient ainsi 
arriver 4 une production d’environ 10,000$ le baril de 
capacité plutdt que les 25,000$ prévus. Je remarque qu’on 
prévoit a l’heure actuelle un chiffre de 27,000$ pour 
Husky. 


Evidemment, le principal avantage est qu’on abaisse les 
couts en immobilisations, ce qui est plus rentable; on a 
une main-d’oeuvre beaucoup plus stable; on construit par 
phases; on peut faire beaucoup plus au Canada, ce qui 
veut dire plus d’emplois. Etant donné que nous 
investissons 400 millions de dollars dans ce projet, je me 
demande pourquoi vous n’avez pas envisagé cet autre 
procédé, ou peut-étre l’avez-vous fait? 
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Mr. Masse: Sir, we have many projects that we are 
working on in the department. Some have already been 
announced. Others are, as we say, in the pipeline to be 
discussed. 


Mr. George Anderson is the deputy minister 
responsible for that aspect of the department. With your 
permission, I will ask him to comment on Mr. Gagnon’s 
remarks on these matters. 


Mr. George Anderson (Assistant Deputy Minister, 
Energy Policy Sector, Department of Energy, Mines and 
Resources): When we were considering the Lloydminster 
project, we did look at a very wide number of options. I 
think we reviewed a dozen different concepts of how to 
upgrade oil in that area. Even very recently, we looked 
very carefully at the question of what the economics of a 
reduced size of upgrader would be, and we paid particular 
attention, as was said in some of the press interviews at 
the time we announced the Lloydminster upgrader, to a 
10,000 barrel a day CANMET upgrader. Others were 
looked at, and we had a number of people come and talk 
to us about others. 


What we found is that for virtually all of these, when 
you are dealing with a stand alone upgrader, the 
economics of these smaller units on a per-barrel basis did 
not compare with the economics of a 20,000 or 
25,000-barrel-a-day unit. 


In fact, we will get better economics with further 
investment on the current Lloydminster proposal. We 
reckon that if we double the size of the Lloydminster 
upgrader, the second train would probably have 
economics somewhere in the vicinity of 65% to 75% the 
cost per barrel that the first train has. That is because you 
will have some of the existing infrastructure and some 
economies of scale associated with the first plant. But we 
never did find a smaller or phased approach to this where 
we would get better economics from doing a smaller 
project. 


Mr. Gagnon: I would like to make two comments. 
First, there is no doubt that the operating efficiency in a 
larger plant is better than a smaller one. But when you 
can build it for approximately 40% of the cost, the 
economic efficiency is better for the smaller one, 
according to the experts. 


Secondly, you are talking about economies of scale. I 
think you have also given a good reason why the plant 
should not have been in Lloydminster. It should have 
been tied with an existing refinery, such as was done with 
the co-operative refinery. 


The third thing I would like to ask the minister 
directly has to do with a very pointed recommendation on 
page 32. This refers to the naughty problem of where we 
have access of electrical lines from one province across 
another. We do see one province, Newfoundland, that has 
vast quantities of untapped hydro-electric. We have 
environmental problems using fossil fuels, and certainly if 
we can tap these continuous renewable resources such as 
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M. Masse: Monsieur, nous travaillons sur un grand 
nombre de projets au ministére. Certains ont déja été 
annoncés. D’autres feront bientdét l’objet de discussions. 


M. George Anderson est le sous-ministre responsable 
de cet aspect au ministére. Avec votre permission, je lui 
demanderai de répondre a M. Gagnon. 


M. George Anderson (sous-ministre adjoint, Secteur de 
la politique énergétique, ministére de l’Energie, des Mines 
et des Ressources): Lorsque nous avons étudié le projet 
Lloydminster, nous avons en effet considéré un grand 
nombre d’options. Je pense que nous avons étudié une 
douzaine de concepts différents sur la fagon de valoriser 
ce pétrole. Méme tout recemment, nous avons regardé de 
tres prés la possibilité d’avoir une usine de dimensions 
réduites, et aussi, comme on l’a dit dans la presse au 
moment de l’annonce de Vusine de valorisation de 
Lloydminster, nous avons envisagé une usine CANMET 
de 10,000 barils par jour. D’autres options ont été 
étudiées, et différents spécialistes ont été consultés. 


Nous avons constaté que dans presque tous les cas, 
lorsqu’il s’agit d’une usine de valorisation autonome, les 
petites unités sont beaucoup moins rentables qu’une unité 
de 20,000 a 25,000 barils par jour. 


En fait, ce sera encore plus rentable si on continue 
d’investir dans le projet Lloydminster actuel. En effet, si 
on double la dimension de lusine de valorisation de 
Lloydminster, la deuxieme phase de valorisation cottera 
de 65 p. 100 a 75 p. 100 de moins que la premiére le 
baril. Cet état de choses découle du _ fait que 
Vinfrastructure existera déja et que des économies 
d’échelle pourront étre réalisées. Mais nous n’avons 
jamais constaté qu’un projet de moindre envergure serait 
plus rentable. 


M. Gagnon: J’aimerais faire deux observations. 
Premiérement, il est €vident qu’une grande usine est plus 
efficace du point de vue de l’exploitation qu’une plus 
petite. Mais si la construction coute environ 40 p. 100 du 
cout, l’unité plus petite est plus rentable selon les experts. 


Deuxi€émement, vous parlez d’économies d’échelle. 
Voila aussi une bonne raison pour laquelle cette usine 
n’aurait pas du se trouver a Lloydminster. Elle aurait du 
étre reliée a une raffinerie existante, comme dans le cas de 
la coopérative. 


Ma troisiéme question se rapporte directement a une 
recommandation trés significative 4 la page 32. Il s’agit du 
probleme épineux que pose l’accés aux lignes électriques 
d’une province a l’autre. Une province, Terre-Neuve 
notamment, dispose de vastes quantités d’hydro-électricité 


encore inutilisées. La consommation des combustibles 
fossiles pose des problemes du point de vue de 
environnement, et il vaudrait certainement mieux 
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hydro-electric, it is good. We do have a problem with 
transportation in Quebec. 


Are you prepared to take that recommendation and 
play a major role in trying to bring these two together and 
get on with the development of this major resource? 
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M. Masse: Voila une question fort complexe qui est 
soulevée par le rapport. J’en ai saisi mes collégues des 
provinces lors de la réunion du mois d’aott, ou j’ai eu 
Voccasion d’exposer les principes de base de 
Vassouplissement de la _ réglementation concernant 
Vexportation de l’électricité. 


Au cours des mois précédents, le gouvernement 
canadien avait encouragé le Québec et Terre-Neuve a 
discuter des questions de développement des ressources 
hydrauliques intéressant a la fois Terre-Neuve et le 
Québec. Des rencontres fréquentes et directes ont eu lieu 
entre les provinces, et le gouvernement du Canada en est 
satisfait. 


D’autre part, \’[le-du-Prince-Edouard présente un 
probleme particulier. Encore 1a, j’ai rencontré a maintes 
reprises le ministre du Québec et le ministre de I’fle-du- 
Prince-Edouard pour m/’assurer qu’il y ait un transfert 
d’électricité entre le Québec et I’Ile-du-Prince-Edouard. 
Vous savez que, pour aller d’une province a l’autre, il faut 
traverser le Nouveau-Brunswick et que le Nouveau- 
Brunswick a son mot a dire a ce sujet. 


Jai été fort heureux de constater, au cours des 
semaines qui ont précédé l’annonce de |’assouplissement 
de la réglementation, qu’une entente était intervenue 
entre l|’I[le-du-Prince-Edouard, le Nouveau-Brunswick et 
le Québec sur ces matiéres, et qu’il était donc possible de 
livrer de l’électricité du Québec a 1|’Ile-du-Prince-Edouard 
en passant par le Nouveau-Brunswick. C’est la la preuve 
qu’il y a possibilité, dans un systéme déréglementé, 
d’encourager les provinces a améliorer le commerce 
interrégional ou interprovincial. 


Dans ce méme_ esprit, ayant annoncé la 
déréglementation ou l’assouplissement de la 
réglementation concernant l’exportation de l’énergie, j’ai 
fait parvenir hier, ou avant-hier, au président de 1|’Office 
national de l’énergie les principales recommandations 
concernant le commerce interprovincial de l’électricité. 
J’ai demandé 4a 1|’Office national de l’énergie de tenir des 
audiences publiques sur ces questions-la, au méme titre 
que j’avais demandé a l’Office, en septembre 1986, de 
tenir des audiences publiques sur l’assouplissement de la 
réglementation en matiére d’exportation. 


Jai également communiqué avec mes collégues des 
provinces pour leur faire part de cette décision et leur 
demander de faire valoir leur point de vue, s’il y a lieu, a 
l’Office national de l’énergie au cours des prochains mois 
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utiliser ces sources d’énergie renouvelable comme 
Vhydro-électricité. Il y a toutefois un probléme de 
transport avec le Québec. 


Etes-vous disposé a agir sur cette recommandation et a 
contribuer de fagon importante a réunir ces deux 
intervenants pour assurer la mise en valeur de cette 
ressource importante? 


Mr. Masse: This is a very complex issue that is being 
raised in the report. I submitted it to my provincial 
colleagues at the August meeting when I had the 
Opportunity to explain the basic principles for easing the 
regulation respecting the electric power exports. 


During the previous months, the federal government 
had encouraged Quebec and Newfoundland to discuss 
matters related to the development of hydraulic resources 
which concerned both Quebec and Newfoundland. The 
provinces met directly and frequently, and the federal 
government is satisfied with those meetings. 


On the other hand, the Province of Prince Edward 
Island has a particular problem. Once again, I have met 
several times with the ministers from Quebec and Prince 
Edward Island in order to make sure that there would be 
a transfer of electricity between Quebec and Prince 
Edward Island. As you know, in order to go from one 
province to the other, one has to go through the Province 
of New Brunswick which is entitled to have its say in the 
matter. 


I was quite pleased to see that during the weeks 
preceeding the announcement of the deregulation, an 
agreement was reached between Prince Edward Island, 
New Brunswick and Quebec on this matter, and that it 
was therefore possible to deliver Quebec electricity to 
Prince Edward Island via New Brunswick. That proves 
that it is possible, in a deregulated system, to encourage 
provinces to improve inter-regional or interprovincial 
trade. 


In the same spirit, having announced the deregulation 
or the easing of the regulation respecting the export of 
energy, yesterday or the day before, I forwarded to the 
Chairman of the National Energy Board major 
recommendations on interprovincial electricity trade. I 
asked the National Energy Board to hold public hearings 
on these matters, as I had asked the board, in September, 
1986 to hold public hearings on the possibility of easing 
regulations in the area of exports. 


I also contacted my colleagues from the provinces to 
inform them of such decision and asked them to express 
their viewpoint, if need be, to the National Energy Board 
over the next few months concerning the use of the 
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sur cette question de Vlutilisation des réseaux et de networks and the improving of interprovincial and inter- 


Vamélioration du commerce ou 


interrégional. 


interprovincial 


Cela est en marche et se réalisera au cours des 
prochains mois. Je suis convaincu qu’aprés des réflexions, 
des audiences publiques et des recommandations de 
l’Office, nous serons en mesure, s’il y a lieu, d’améliorer 
nos politiques en ces matiéres. 


Mr. Gustafson: First of all, I am very pleased that you 
are looking at the various options, and I want to assure 
you and Mr. Nystrom that there is a great deal of 
optimism, in Saskatchewan especially, with the upgrader 
at Lloydminster and the one that is currently being 
finished in Regina. 


Mr. Minister, in response to the first question Mr. 
Gagnon asked, I was pleased to hear that you are looking 
at the small producer, particularly those under the $10 
million bracket. If you want to go back on the program 
you announced some four years ago, which was very 
effective—I believe it was in Weyburn, Saskatchewan— 
this became so positive because many of the low- 
producing wells are pumped by these small companies 
and there is recovery of oil that is otherwise lost. 


It seems to me we are looking at two things. We are 
looking here at security of market and security of supply. 
I want to assure you that there is a great deal of optimism. 
I live nine miles from the oilfield at Méidale, 
Saskatchewan. That was the first field you visited, Mr. 
Minister, as a new minister, but I think one of the first 
discoveries in Saskatchewan away back in the 1950s. 
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There is a great deal of optimism in three areas. First, 
we have secure markets, with the biggest market in the 
world right next to us, the United States. There is the 
optimism the free trade discussions bring, especially when 
the opposition becomes a little optimistic about the 
future, and there is the optimism we have in the energy 
field, because this is a long road and we have to plan for 
the future. 


I think it is most important that you lay out options for 
Canada and for the future, and we do not just say we are 
in difficult times now and the prices are down. We all 
recognize that. We have been through the same thing in 
agriculture. Suddenly, what was a surplus becomes a 
shortage. I think history shows us is that there is about a 
3% difference between a shortage and a surplus, and this 
is true in energy as well as food. I do want to commend 
you on that. I wondered if you had some comments 
specifically on secure markets. 


regional trade. 


The process is underway and will be completed over 
the next few months. I am convinced that after these 
exchanges of viewpoints, public hearings and 
recommendations to the Board, we will be able to 
improve our policies in that area, if necessary. 


M. Gustafson: D’abord, je suis trés heureux que vous 
examiniez les diverses possibilités, et je tiens a vous 
assurer, vous et M. Nystrom, que nous sommes assez 
optimistes, surtout en Saskatchewan, pour ce qui est de 
Vusine de valorisation a Lloydminster et celle que l’on est 
en train de terminer a Régina. 


Monsieur le ministre, pour répondre a la premiére 
question de M. Gagnon, j’étais heureux de vous entendre 
dire que vous pensez aux petits producteurs, surtout a 
ceux qui sont dans la tranche de moins de 10 millions de 
dollars. Pour revenir au programme que vous avez 
annoncé il y a environ quatre ans, programme qui était 
trés efficace—je crois que c’était a4 Weyburn, en 
Saskatchewan—ce programme s’est avéré tellement positif 
parce que bon nombre des puits a production peu élevée 
sont exploités par ces petites sociétés qui récupérent ainsi 
du pétrole qui serait autrement perdu. 


Il me semble que 1l’on veut assurer ici deux choses. On 
veut assurer la sécurité des marchés et la sécurité des 
approvisionnements. Je tiens a vous assurer qu'il y a pas 
mal d’optimisme. J’habite a neuf milles du champ de 
pétrole de Midale, en Saskatchewan. C’est le premier 
champ de pétrole que vous avez visité, monsieur le 
ministre, a titre de nouveau ministre, mais je pense qu’il 
s’agit é€galement de l’un des premiers champs de pétrole 
qui ait été découvert en Saskatchewan dans les années 50. 


Il y a pas mal d’optimisme dans le domaine. D’abord, 
nous devons assurer la sécurité des marchés, et le marché 
le plus important au monde se trouve tout prés de nous, 
aux Etats-Unis. Les entretiens, en matiére de 
libre-€change, apportent un _ certain optimisme, 
particuli¢rement lorsque l’opposition fait preuve d’un peu 
d’optimisme au sujet de l’avenir, et il y a de l’optimisme 
dans le domaine de l’énergie, parce que nous avons une 
longue route devant nous et que nous devons planifier 
pour l’avenir. 


Il est a mon avis de toute premiére importance 
d’exposer les options pour le Canada et pour l’avenir et 
nous ne disons pas tout simplement que nous connaissons 
actuellement des moments difficiles et que les prix sont a 
la baisse. Nous reconnaissons tous cela. Nous avons connu 
la méme chose dans le domaine de l’agriculture. On passe 
tout a coup des excédents a une pénurie. L’histoire 
montre qu’il y a une différence d’environ 3 p. 100 entre 
une pénurie et un excédent, et cela est tout aussi vrai dans 
le domaine de l’énergie que dans le domaine de 
Valimentation. Je tiens a vous féliciter a ce sujet. Je me 
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Mr. Masse: First of all, I want to say that it is perfectly 
true that one of the first places I visited was Weyburn a 
couple of days after assuming responsibility for the 
department. I think we have been back there once or 
twice. We have opened a regional office for the CEDIP 
program, so your region is very close to my heart. 


You are right to say that one of the problems we have 
is the security of markets and supply. To have security of 
supply, we have to secure markets. I do not have a magic 
answer to those things. If I had a magic answer, I would 
stop being the minister and become a consultant. I would 
make a fortune. 


But we are in a world where we ask those questions, 
and we have to work together to find the answers. This 
energy Option is one way to give a chance to Canadians 
who have some thoughts on this. The committee will have 
its own thoughts. I think it is a good opportunity to raise 
that issue and ask people who may have some thoughts to 
come to the committee and explain how it can be done, 
how it is done elsewhere and how it can be done here in 
Canada, and make recommendations to me. 


I do not want to go too far in that direction today. 
Otherwise, why have committees if the minister has all 
kinds of answers for all those questions in his pocket? But 
it is a very good point. I have no problem with that, and I 
will await your comments on the matter. If you have a 
magic solution, I will be very pleased to implement it. 


Mr. Gustafson: I think the comment I would have is 
that we must be optimistic, looking to all the 
Opportunities that are ours. That is why I tend to differ 
with the comments made by Mr. Nystrom that the 
Lloydminster upgrader and that mega-project has a bright 
future, looking at all the opportunities there. 


I can tell you again, having lived my lifetime in that oil 
field, that one of the greatest concerns is the security of 
market. The oil boys are happy when they have a market. 


You hear a great deal of difference of expression 
travelling east and west, and that is always going to be the 
same. One is the concern of supply; the other is the 
concern of markets. But I think this report and your 
direction, Mr. Minister, bring a balance in looking at the 
options, and that is very, very important, in my mind. 


Mr. Masse: You are right when you say that depending 
on where we are in Canada, we have a different view or a 
different interest in the word “energy”. That is the reason 
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demandais si vous aviez des commentaires sur la sécurité 
des marchés en particulier. 


M. Masse: D’abord, j’aimerais dire qu’il est tout a fait 
juste que l’un des premiers endroits que j’ai visités 
quelques jours aprés avoir accepté la charge du ministére 
a été Weyburn. Nous y sommes retournés une ou deux 
fois, je crois. Nous avons ouvert un bureau régional dans 
le cadre du Programme canadien d’encouragement a 
exploration et a la mise en valeur, ce qui fait que votre 
région me tient fort a coeur. 


Vous avez raison de dire que l’un des problemes que 
nous avons est la sécurité des marchés et des 
approvisionnements. Pour avoir la _ sécurité des 
approvisionnements, nous devons assurer la sécurité des 
marchés. Je n’ai pas de réponse magique. Si j’en avais 
une, je cesserais d’€tre ministre et je deviendrais expert- 
conseil. Je ferais fortune. 


Mais nous vivons dans un monde ou nous posons ce 
genre de question, et nous devons travailler ensemble 
pour trouver des réponses. Cette confluence énergétique 
est une fagon de donner l’occasion aux Canadiens de faire 
connaitre leurs points de vue a ce sujet. Le Comité a son 
propre point de vue. Je pense qu’il s’agit d’une bonne 
occasion de soulever la question et de demander aux gens 
qui ont peut-étre une opinion, de venir l’expliquer au 
Comité, d’expliquer de quelle fagon on le fait ailleurs et 
comment on peut le faire ici au Canada, et de me faire 
des recommandations. 


Je ne veux pas trop m’engager dans cette direction 
aujourd’hui. Autrement, pourquoi aurait-on des comités 
si le ministre connait toutes les réponses? Mais le point 
que vous soulevez est excellent. Cela ne pose aucun 
probleme, et j’attendrai vos commentaires a ce sujet. Si 
vous avez une solution magique, je serai tres heureux de 
la mettre en oeuvre. 


M. Gustafson: A titre de commentaire, je dirais que 
nous devons étre optimistes, étant donné toutes les 
possibilités qui s’offrent 4 nous. C’est pourquoi je serais 
plutot enclin a ne pas étre d’accord avec les observations 
de M. Nystrom lorsqu’il dit que l’usine de valorisation de 
Lloydminster, ce mégaprojet, a un avenir brillant, étant 
donné toutes les possibilités la-bas. 


Je peux vous dire encore une fois, ayant vécu toute ma 
vie dans ce champ de pétrole, que l’une des plus grandes 
préoccupations est la sécurité des marchés. Les sociétés 
pétroliéres sont heureuses lorsqu’elles ont un marché. 


Les points de vue sont tres différents selon qu’ils 
proviennent de l’Est ou de l’Ouest, et cela sera toujours le 
cas." =D’un " coté.” ‘on™ “est “preoccupé ~ par “les 
approvisionnements, de l’autre, par les marchés. Mais je 
pense que le présent rapport ainsi que votre directive, 
monsieur le ministre, apportent un certain équilibre dans 
la fagon d’envisager la confluence énergétique, ce qui est 
trés important pour moi. 


M. Masse: Vous avez raison lorsque vous dites que 
selon l’endroit ou l’on se trouve au Canada, on a un point 
de vue different ou un intérét different au sujet du mot 
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why it is so important, as Canadians, to know more about 
energy. Many Canadians have a very regional approach to 
energy, a very regional knowledge about energy. From 
Calgary to Montreal, from Toronto to Lloydminster, we 
have to have a better knowledge of energy. 


It is in that sense that I have asked my communications 
branch to be more active in schools and universities. We 
will have a great opportunity. Next year, the World 
Conference on Energy will be in Montreal. I think 4,000 
or 5,000 official delegates from all over the world will be 
there. We should use that opportunity not only to explain 
how important Canada is in terms of energy—we are 
blessed, by God, in every sector—but also to explain to all 
Canadians what is behind energy. 


- 1630 


When Champlain landed in Nova Scotia, at Port Royal, 
in 1603, he was with Marc Lescarbot, who wrote pieces 
for the theatre and things like that. But Lescarbot also 
wrote about energy, and he explained to the people in 
Europe that one of the reasons why Canada would have a 
great future is because it is backed by energy. So if it was 
true for Marc Lescarbot in 1603, it is still true for us in 
1988. Canadians should know that one of the reasons for 
the success of their country is energy. 


I hope we will have another opportunity together, but 
it is now 4.30 p.m. 


The Chairman: Just one quick question from Mr. 
MacLellan. 


Mr. MacLellan: I just wanted to mention the minister’s 
text, where he refers to mega-projects: “As well, by 
enhancing Canada’s domestic energy supplies, they 
contribute to Canada’s energy security”. That is not 
necessarily the case with the free trade agreement, because 
there is no insurance that any of this energy that is 
produced by the mega-projects will remain in Canada. In 
fact, the $3 billion plus that we could put into Hibernia, 
all of the oil developed could go to the United States 
market. 


With regard to Energy Options, when they refer to 
reserves for Canadians, they do not talk about reserves, 
they talk about hoarding Canadian energy. So the 
government and Energy Options are agreed on one thing: 
that Canadians do not have to worry about security of 
supply. Yet you are saying that this is what is going to 
happen. It seems, Mr. Minister, that there is not an energy 
policy. 


The Chairman: It is a long question. 
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[Translation] 


énergie. C’est pourquoi il est tellement important, en tant 
que Canadiens, d’en connaitre davantage en matiére 
d’énergie. Bon nombre de Canadiens ont une optique trés 
régionale de l’énergie, des connaissances trés régionales de 
la question. De Calgary a Montréal, de Toronto a 
Lloydminster, mous devons avoir une meilleure 
connaissance de |’énergie. 


C’est dans cet esprit que j’ai demandé a la Direction 
des communications de mon ministére d’étre davantage 
active dans les écoles et les universités. Nous aurons une 
excellente occasion de le faire. L’an prochain, la 
conférence mondiale sur l’énergie se tiendra 4 Montréal. 
Je pense que 4,000 a 5,000 délégués du monde entier 
seront la. Nous devrions profiter de l’occasion, non 
seulement pour expliquer combien le Canada est 
important sur le plan des ressources énergétiques, dont la 
nature nous a généreusement pourvus, mais également 
pour faire comprendre a tous les Canadiens tout ce que 
énergie représente. 


Lorsque Champlain a débarqué en Nouvelle-Ecosse, 4 
Port Royal, en 1603, il était accompagné de Marc 
Lescarbot, qui a écrit des pieces de théatre et autres 
oeuvres. Néanmoins, Lescarbot a également écrit sur 
Vénergie et il a expliqué aux Européens que l’une des 
raisons pour lesquelles le Canada était promis 4 un grand 
avenir est qu’il possédait de vastes ressources énergétiques. 
Si c’était vrai aux yeux de Marc Lescarbot en 1603, ce l’est 
toujours pour nous en 1988. Les Canadiens devraient 
savoir que l’énergie est l’une des raisons de la prospérité 
de leur pays. 


J’espére que nous aurons une nouvelle occasion de 
nous réunir, mais il est maintenant 16h30. 


La présidente: Pouvez-vous seulement répondre a une 
bréve question de M. MacLellan? 


M. MacLellan: Je voudrais seulement mentionner les 
propos que le ministre tient dans son discours, au sujet 
des mégaprojets: «ainsi, en accroissant les 
approvisionnements énergétiques du Canada, ils 
contribuent a assurer notre sécurité énergétique». Ce n’est 
pas nécessairement vrai avec l’Accord de libre-échange 
étant donné que rien ne garantit que l’énergie produite 
par les mégaprojets restera au Canada. En fait, les 3 
milliards et plus que nous pourrions investir dans 
Hibernia, la totalité du pétrole produit la-bas, pourraient 
aller vers le marché des Etats-Unis. 


Quant aux auteurs du rapport, lorsqu’ils parlent de 
constituer des réserves pour les Canadiens, en réalité, ils 
parlent de  thésauriser lénergie canadienne. Par 
conséquent, le gouvernement et les auteurs de 
Confluences énergétiques sont d’accord sur un point, a 
savoir que les Canadiens n’ont pas a s’inquiéter de la 
sécurité des approvisionnements. Pourtant, vous dites que 
c’est ce qui va se passer. Apparemment, monsieur le 
ministre, il n’existe aucune politique énergétique. 


La présidente: C’est une longue question. 
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[Texte] 
Mr. MacLellan: Yes. With regard to your new 


electricity policy, the Energy Options report is concerned 
about environmental risks, whether they are going to be 
considered. 


M. Masse: Tout d’abord, l’Accord de libre-échange, 
dans notre’ esprit, favorisera la sécurité des 
approvisionnements. Pourquoi? Parce que si le pétrole 
qui est dans le sol n’est pas extrait, il ne contribue en rien 
a la sécurité des approvisionnements. A l’avenir, les 
investissements seront de plus en plus importants. 
L’investissement est important, et l’assurance de marchés 
est fondamentale pour attirer les investissements. C’est un 
peu une réponse a la question de notre collégue sur la 
sécurité des marchés par rapport a la sécurité des 
approvisionnements. L’un porte l’autre jusqu’a un certain 
point. L’Accord de libre-é€change, en assurant un marché 
plus vaste, permettra de développer des ressources qui, 
autrement, ne seraient peut-étre pas développées. Dans cet 
esprit-la, le libre-echange contribue a la sécurité des 
approvisionnements. 


Deuxiémement, il y a la question de l’électricité et de 
Venvironnement. Je suis trés sensible, comme vous le 
savez, a l’aspect environnemental en matiére énergétique. 
C’est dans cet esprit-la que, lors des discussions avec les 
provinces sur l’assouplissement de la réglementation, le 
gouvernement canadien a fait de l’environnement l’un des 
points importants de la politique de déréglementation de 
Vélectricité. Pour la premiére fois, sous le leadership du 
gouvernement canadien, le fédéral, les provinces et les 
sociétés publiques qui ont des intéréts dans le domaine de 
Vélectricité définiront ensemble des normes en matiére de 
lignes de transport et en matiére de développement des 
ressources hydrauliques ou autres. Ces normes étant 
définies, il appartiendra d’abord aux provinces d’en 
assurer le respect. Mais s’il advient que le gouvernement 
canadien, ou |’Office national de l’Energie, a des doutes 
quant a l’application de ces normes dans un projet 
spécifique, on pourra recommander au gouverneur en 
conseil de tenir des audiences publiques sur ce sujet 
particulier, ce qui est nouveau et qui n’était pas dans la 
politique précédente. 
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En termes d’environnement, donc, il y a plus dans la 
politique actuelle qu’on ne retrouvait pas dans la 
politique passée. Et dans ce sens-la, je suis convaincu que 
le secteur environnement est mieux protégé maintenant 
qu'il l’était avec l’ancienne politique. 


The Chairman: Thank you very much, Mr. Minister. I 
am quite sure that once the committee... We will be 
meeting in camera in a few minutes to discuss how we are 
going to pursue the Energy Options report. We certainly 
will have many more questions, and we would very much 
like to see you back at a later date, perhaps. But we want 
to thank you for taking time out today to visit with us, 
and we look forward to seeing you again soon. 
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[Traduction] 


M. MacLellan: En effet. En ce qui concerne votre 
nouvelle politique a l’égard de l’électricité, Confluences 
énergétiques é€met des inquiétudes au sujet des risques 
écologiques et dit qu’il faudrait en tenir compte. 


Mr. Masse: First, in our mind, the Free Trade 
Agreement will increase security of supply. Why? Because 
if we do not extract our oil it will not contribute to 
security of supply. Investments will be bigger and bigger 
in the future. Investment is important and a guaranteed 
market is essential to attract investors. This is to answer 
our colleague’s question about market security as opposed 
to security of supply. Both are interrelated to a certain 
extent. By extending the market, the Free Trade 
Agreement will allow us to develop resources which 
otherwise might stay in the ground. In that spirit, free 
trade will contribute to security of supply. 


Second, there is the issue of electricity and 
environment. As you know, I am very sensitive to the 
environmental aspect of energy. It is in that spirit that the 
Canadian government made environment one of the main 
issues in its discussions with the provinces on electricity 
deregulation. For the first time, under the leadership of 
the Canadian government, the federal, provinces and 
Crown corporations that have a vested interest in 
electricity will define together the standards for a 
transmission line and the development of hydraulic and 
other resources. Once those standards will be defined, it 
will be the responsibility of the provinces to ensure their 
implementation. But if the Canadian government, or the 
National Energy Board, has any doubt concerning the 
implementation of those standards within a specific 
project, it will be able to ask to the Governor in Council 
to hold public meetings on that subject, which was not 
provided for in the previous policy. 


Then, there is more concerning environment in the 
new policy than there was in the previous one. So, I am 
convinced that our environment is better protected now 
than it was before. 


La présidente: Merci beaucoup, monsieur le ministre. 
Je suis sure qu’une fois que le Comité... Nous allons 
nous réunir a huis clos dans quelques minutes pour voir 
comment nous allons poursuivre l’étude du rapport 
Confluences énergétiques. Nous aurons sans _ doute 
beaucoup d’autres questions a poser et nous aimerions 
beaucoup vous voir revenir a une date ultérieure. 
Néanmoins, nous tenons a vous remercier d’avoir pris le 
temps de venir nous voir aujourd’hui et nous espérons 
vous revoir bientot. 
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[Text] 

Mr. Masse: Thank you. I have been very pleased to be 
with you, and I hope I will have another opportunity to 
discuss energy matters with you whenever you please. 


The Chairman: The committee will now go in camera 
to discuss the methodology for reviewing the Energy 
Options report. 


[Translation] 


M. Masse: Merci. Tout le plaisir était pour moi et 
j’espére avoir de nouveau l’occasion de discuter avec vous 
des questions énergétiques lorsque vous le désirerez. 


La présidente: Le Comité va maintenant se réunir a 
huis clos pour discuter de la méthodologie 4 adopter pour 
examiner le rapport Confluences énergétiques. 
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Defence equipment 
Submarines, atomic-powered 
National Defence Department, purchase, proposed, AECB 
role, 20:9-10, 24; 43:29, 41-2 
Propulsion system, AECL design capability, 30:28-9 


Després, Robert see Atomic Energy of Canada Limited—Order 
in Council appointments 


Developing countries 
Petro-Canada International Assistance Corporation projects, 
22:5 
Abandoning, provisions, etc., 22:11-2 
Assessing, analysis, 22:11 
Benefits, long-term, 22:5 
Botswana, 22:15-6 
Contracts, Canadian goods and services, policy, 22:23-4 
Determining, policy, 22:14-5, 21-2, 24 
Drilling contracts, Petro-Canada Inc. drill ship, 22:17-8 
Expenditures, 22:8, 10 
Francophone countries, 22:9 
Jordan, technical assistance program, 22:10 
Morocco, 22:9 
New projects, projections, expenditures, etc., 22:9-10, 25-6 
Oil price, effects, 22:5 
Recipient country role, obligations, 22:5 
Requests, handling, selection, 22:7, 12, 24 
Seismic work, technical expertise, contracts, 22:12, 16-7, 
22-3 
Tanzania, 22:12 
See also Mining industry 


Dionne-Marsolais, Rita (Canadian Nuclear Association) 
Atomic energy, Committee study, 34:4, 10-1, 20-1 


Domaratzki, Zigmund (Atomic Energy Control Board) 
Atomic energy, Committee study, 32:3, 11-23, 27-9 
Atomic Energy Control Board estimates 

1987-1988, main, 20:4, 8-10, 14, 16, 19-21, 24-6 
1988-1989, main, 43:4, 35, 38-9, 43-4, 46-8 


Dome Petroleum Ltd. 
Amoco Corporation, takeover bid, 19:5-8; 25:14-5 
Financial difficulties, Petro-Canada Inc., comparison, 25:34-5 
Purchase, Petro-Canada Inc. interests, 25:10-1, 15 
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Donnelly, James (Atomic Energy of Canada Limited) 
Atomic energy, Committee study, 30:3-26, 28-9 
Atomic Energy of Canada Limited estimates 
1987-1988, main, 24:3-17, 22-39 
1988-1989, main, 45:3-12, 14-9, 21-36 
References see Atomic Energy of Canada Limited—Order in 
Council appointments 


Double demand charge see Gas 


Dougan, Maureen (Energy, Mines and Resources Department) 


Oil and oil products, reserves and resources, Committee 
study, 9:4, 29 


Douglas Point, Ont. see Atomic energy—Waste management 
DRIE see Regional Industrial Expansion Department 


Dykers, Lawrence (Coal Association of Canada) 
Coal resources, Committee study, 10:3, 14-5, 17, 19 


Dyne, Peter (Energy, Mines and Resources Department) 


Oil and oil products, reserves and resources, Committee 
study, 9:4, 31-5 


Earned depletion see Oil and oil products 


Earth Physics Branch see Energy, Mines and Resources 
Department 


Earthquakes 
Predicting, research, 17:31-2 


Economic conditions see Energy resources; Gas—Exploration 
and development; Oil and oil products—Exploration and 
development—Price 


Economic development see Atomic energy; Energy resources 


Ediger, Nick (Canadian Nuclear Association) 
Atomic energy, Committee study, 34:4, 13, 21-5, 27, 30, 32, 
34-5 


Education see Atomic energy—Public attitudes 


Edwards, Jim (PC—Edmonton South; Parliamentary Secretary 
to Minister of Indian Affairs and Northern Development) 
Mining industry, Committee study, 23:29-30 


Eggertson, Bill (Solar Energy Society of Canada Inc.) 
Oil and oil products, reserves and resources, Committee 
study, 18:3, 6-8, 15, 27-8 


Eldorado Nuclear Ltd. see Atomic Energy of Canada Limited 


Electricity 
Availability, 37:7 
Co-generation, 37:11-2; 40:37 
Potential, 39:12; 42:8-9 
Conservation, energy efficiency improvements, 41:5, 13-4 
Cost effectiveness, 41:5-6, 12-3 
Encouraging, 41:36-7 
Home appliances, 41:6, 14 
Manufacturers, research and development, 
competitiveness, 41:18, 26-8, 39 
Refrigerators, 41:15-6, 25-8 
Lighting systems, 41:6, 16-7, 19-22, 24 
Motors, application, 41:6, 29-30 
Ontario Energy Ministry study, Electricity Conservation: 
Supply Curves for Ontario, 41:4, 11 


Electricity—Cont. 


Conservation, energy efficiency improvements—Cont. 
Potential, 41:6-7, 17-8 
Research studies, 41:7-8 
Standards, establishing, 41:29, 37-9 
Supply investments, comparison, 41:7, 11-2, 23, 32-4 
See also Electricity—Total energy use—Utilities 
Consumption, 37:7-8, 16-7 
Cost 
Alternate energy-based, 37:11-2 
Atomic energy-based, 37:25-6; 39:6; 40:8-9 
Savings, 38:34 
Subsidies, effects, 33:35-6 
Determining, 38:44-5 
Negotiating, bidding, 39:22-4, 31, 37-9 
Energy source, relationship, 29:11-2; 37:25; 42:18-9 
Independent producers/utilities, 39:22-3, 28 
Ontario, 38:5, 35-6 
Projection, 31:9-10 
Subsidizing, 38:43 
Demand 
Alberta, 42:7-8, 25 
Customer incentives, relationship, 38:14-5 
Forecasting, 39:9; 44:7-8 
Ontario Hydro process, models, etc., 38:11-4; 39:26-7 
Management, 37:11-2; 38:8 
Ontario, 38:10-1, 14; 41:13 
Other energy forms, comparison, factors, 41:35-6, 39-40 
See also Electricity—Supply/demand 
Environmental concerns, 49:23 
Fossil fuel-based, 31:24-6 
Exports to United States, 19:17-8; 31:12, 14; 37:8; 42:17, 32 
Cost effectiveness, 31:30-1; 40:16-8, 24-5 
Deregulating, 37:15-6; 44:31-2 
Domestic energy requirements, priority, 31:6-7; 37:5-6; 
40:8, 24; 43:14-5; 44:31-3 
Newfoundland, application, 31:15-7 
Free trade agreement, effects, 31:8, 18-20, 27-8; 43:14; 44:5 
Increase, projection, 31:11, 23 
Breakdown by energy source, 31:14, 28-9 
Markets, 31:13-4, 22-3; 42:28 
National Energy Board regulations, 38:16 
Price tests, 31:5-6, 20-2 
Review, 21:16-7; 31:5, 7; 44:5 
Provinces co-operating, 42:17-8 
Revenues/oil prices, relationship, 31:12-3; 40:15 
Transmission, 31:12-3, 23; 38:16; 40:17, 22-4 
B.C. Power and Hydro Authority, Bonneville Power, 
dispute, 37:28-9; 42:18 
Interprovincial transmission, comparison, 31:29-30; 
37:35; 40:26-7 
Undersea cable, costs, 40:26 
Future, 37:8-9 
Government involvement, 39:33-4 
Government programs, funding, 19:16; 34:9 
Historical background, 37:18 
Home heating, 37:18-9 
Independent producers, 39:10-2 
Alberta, Public Utilities Board/Energy Resources 
Conservation Board joint hearings, 39:12, 19 
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Electricity—Cont. 
Independent producers—Cont. 
Budget, Feb. 10/88, capital cost allowance provision, 
impact, 39:14-20 
Economic potential, 39:13-4, 27-9, 36, 44-5 
Encouraging, federal role, 39:18-9; 44:8 
Interprovincial sales, 39:39 
Market, 39:11-2, 21-2 
Policy, establishing, 39:32-3 
Production capacity, 39:35-7, 44 
Supply, increasing, 39:31-2 
Taxation, 39:20; 40:39 
Transmission, interprovincial grid system, 39:39-40, 42-4 
See also Electricity—Cost—Utilities 
Interprovincial sales, 40:15-6, 35-6 
See also Electricity—Independent producers 
Production capacity, projections, 31:11 
Breakdown by energy source, 37:6 
Breakdown by province, energy source, 31:11-2, 17-8, 26-7 
See also Electricity—Independent producers 
Rates, structures, 37:31-2; 38:42-4 
Regulating, 42:25 
Western region, 42:27-8 
Supply, 38:5; 39:6 
Alberta, 42:5, 7 
Atomic/other energy sources, comparison, 30:4; 38:27; 
40:28-9; 47:32 
Breakdown by province, 29:9; 37:6 
Coal, peat-based, 38:41-2 
New Brunswick, 40:8-9 
Ontario, 38:8-9, 15-6 
Options, investment, 39:6 
Relative efficiency, 38:17-8 
Renewable energy resources, 38:7-8 
See also Electricity—Conservation—Independent 
producers 
Supply/demand, 34:7 
Factors, 33:30-1; 37:7-8; 38:16-7, 33 
Newfoundland, 37:32-4 
Ontario Hydro strategy, 38:6-9, 18-9, 42 
Taxation, 34:9, 21 
See also Electricity—Independent producers—Utilities; 
Gas 
Total energy use, percentage, 41:9-10 
Conservation measures, impact, 41:18 
Transmission, interprovincial grid system, 37:29; 49:18-9 
National Energy Board hearings, 49:19-20 
New Brunswick, 40:7-8 
Ontario, 38:16, 49-50 
See also Electricity—Exports to United States— 
Independent producers 
United States, 40:21-2; 42:30-1 
Legislation, Public Utilities Regulatory Policies Act, 
39:31-2, 40-2; 42:31 
See also Electricity—Exports to United States 
Use, 41:10-1, 24 
Industry, 41:5-6, 18 
Utilities 
Alberta, generating capacity, load factor, 42:6 
Assets, investments, 37:6; 40:9 
Capital investments, recouping, 42:25-7, 29 


Electricity—Cont. 
Utilities—Cont. 
Conservation, impact, 41:5, 23-5, 30-2, 34-5, 38, 40-1 
Employment, 37:6 
Financial operations, debt, etc., 37:5-6, 20-3, 26-8; 40:10, 
18-9, 33-4 
Ontario Hydro, 38:45-6 
Independent producers, relations, 39:20, 29-31; 40:38; 
42:25; 44:26 
Mandates, regional differences, 37:5 
Markets, competition, monopoly, 39:6, 10, 12-3, 28 
Ownership, 37:5, 18; 40:22 
Taxation, 37:30-1; 40:38 
See also Electricity—Cost, Independent producers 
Western region 
Power grid, 19:16-7 
See also Electricity—Rates 


Electricity Conservation: Supply Curves for Ontario see 
Electricity—Conservation, Ontario 


Elf-Aquitaine 
Operations, foreign ownership, 25:32-3 


Elliot Lake, Ont. see Mining industry 
Emergency planning see Atomic energy—Accidents 


Employment see Atomic energy; Coal industry; Electricity— 
Utilities; Mining industry; Oil and gas industry; Potash 
industry—New Brunswick; Renewable energy resources 


Energy and Canadians: Into the 21st Century see Energy 
policy—Developing 


Energy efficiency see Atomic energy—Expansion; Energy 
resources—Supply and demand; Housing; Oil and oil 
products—Supplies, Self-sufficiency 


Energy, Mines and Resources Department 
Accommodations, building maintenance, funding, 46:25-6 
Capital Acquisition and Replacement Program, 46:23-5 
Computer services, 44:30-1 
Corporate Policy and Communication sector, mandate, 

44:8-9 
Decentralization, 23:27, 29 
Earth Physics Branch, merging with Geological Survey of 
Canada 
Funding, person-years, effects, etc., 2:18-20 
Organization, structure, 15:7; 23:11 
Estimates 
1986-1987, supplementary (A) 
Report to House, 6:21, agreed to, 4 
Stood, 4:38-41, agreed to, 4 
See also Atomic Energy of Canada Limited; Energy 
Program; Orders of Reference 
1987-1988, main, 14:12-46; 25:9 
Report to House, 25:9, agreed to, 5 
See also Atomic Energy Control Board; Atomic Energy 
of Canada Limited; Energy Program; Minerals and 
Earth Sciences Program; National Energy Board; 
Orders of Reference; Petro-Canada International 
Assistance Corporation; Reports to House—Seventh 
1987-1988, supplementary (C), 36:4-19 


10 ENERGY, MINES AND RESOURCES 


Energy, Mines and Resources Department—Cont. 
Estimates—Cont. 
1987-1988, supplementary (C)—Cont. 
M. (Gagnon), 35:21, agreed to, 3 


See also Atomic Energy of Canada Limited; Orders of 
Reference 


1988-1989, main, 44:4-35 
Report to House, 46:32-3, agreed to, 4 


See also Atomic Energy Control Board; Atomic Energy 
of Canada Limited; Minerals and Earth Sciences 
Program; National Energy Board; Orders of 
reference; Reports to House—Ninth 


Expenditures, 17:25 
Administration program, 14:36-7, 43-5; 44:19-20 
Cutbacks, impact, 46:24-6 
Minerals and metals strategy, 15:33-5 
Historical background, mandate, 14:13; 44:10-1 
Information 
Dissemination, publications, distribution, availability, 
23:35-7 
Sharing, other government departments, co-operation, 
Cter, 1733-5 
Mineral Policy Sector, mandate, operations, 15:14; 23:10 
Official languages, use, 14:35; 44:20-2 
Operations, task force studies, results, 17:6-7 
Order in Council appointments 
Good, Leonard, Associate Deputy Minister, 1:13-4 
Kroeger, Arthur, Deputy Minister, 1:4 
Scientific sector 
Equipment, updating, 46:24-5 
Morale, 14:34-5 
Scientists as managers, 44:33-4 
Staff 
Francophone representation, 36:13-4; 44:10-1, 15-6 
Person-years, 17:19-20, 25; 46:24-5 


See also Energy, Mines and Resources Department— 
Earth Physics Branch 


Regional representation, 44:22-3 
Senior executives 
Criteria, 14:24-5 
Positions, consolidating, eliminating, 36:5-6 
Turnover, 36:14-5 
Women representation, 14:22; 36:13-4 
Staffing requirements, 15:37 
Surveys and Mapping Branch 
Funding, 46:25 
Geomatics function, 17:15-6, 26-7 
Operations, 15:28-30, 36-7 
Private sector contracts, 17:16-9, 26-7 
Conflict of interest allegations, 14:39 
Privatization, 14:38-40; 15:9-10, 28, 35-6 
Relocation to Sherbrooke, Que., Institute of Cartography, 
establishing, 15:10, 29-30; 46:7 
Reorganization 
Historical background, 17:13-5 


Energy, Mines and Resources Department—Cont. 
Surveys and Mapping Branch—Cont. 
Reorganization—Cont. 
Surveys, Mapping and Remote Sensing Sector, 
establishing, 46:6 
See also Energy policy—Environment; Mineral resources— 
International marketing—Offshore; Mining industry— 
Regional Industrial Expansion Department; National 
Energy Board—Activities; Petro-Canada International 
Assistance Corporation; Space; Witnesses 


Energy, Mines and Resources Standing Committee see 
Committee 


Energy Options: A Canadian Dialogue see Energy policy— 
Developing 


Energy policy 
Developing, Energy Options: A Canadian Dialogue, 
consultation process, 44:9, 34; 49:6-7, 10-1 
Report, Energy and Canadians: Into the 21st Century, 
Committee study, 49:4-24 
Environment policy, relationship, 44:8, 29 
Interdepartmental committee, Energy, Mines and 
Resources Department-Environment Department, 
44:8 


Energy Probe 
Background, membership, 33:22 
Funding, 33:22-3, 29 
See also Witnesses 


Energy Program 
Estimates 
1986-1987, supplementary (A), 4:5-16 
1987-1988, main, 19:5-30 
See also Uranium 


Energy Research Development Agreements, 2:29-30; 17:8 


Energy resources 
Conservation 
Defining, 38:7 
Government programs promoting, 36:13 
National Conservation and Alternative Energy Initiative, 
continuation/replacement, 19:20; 36:13 
Price, relationship, 41:8 
Demand 
Breakdown by end use, 41:9 
Projections, 7:7-8; 31:10 
See also Energy resources—Supply/demand 
Development 
Environmental impact, studies, 14:15 : 
Federal-provincial agreement, Quebec, 44:24-5 
Economic conditions, effects, 21:6; 49:5-6 
Economic contribution, 14:14; 49:4 
Economic development, relationship, 34:5-6 
Energy supplied/federal investment, relationship, 33:12 
Exports 
Free trade agreement, effects, 31:9; 44:4-5 
National Energy Board orders/licences/certificates, 
differences, 21:16 
Federal-provincial conference, 44:5 
Jurisdiction, provincial co-operation, 49:5 
Mineral Development Agreement, 14:14 
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Energy resources—Cont. 
New Brunswick, 40:5-6 
Ontario, 38:6 
Price 
Regulating, effects, 3:5-6, 9 
See also Energy resources—Conservation 
Regional perceptions, 49:21-2 
Research and development, 17:22; 49:9 
Supply/demand, projections, factors, 30:5; 49:20-1 
Energy efficiency, implications, 33:27-8, 32-4 
National Energy Board study, 7:5-6 
Supply, security, 49:12 
Free trade agreement, impact, 49:23 
Tax incentives, government policy, 3:19-20; 27:10-1; 44:5 
United States, 8:11-2, 26; 21:17 
Use, market-based approach, 49:9 
See also Alternate energy; Atomic energy; Biomass energy; 
Coal; Electricity; Fossil fuels; Gas; Hydro power; Oil and 
oil products; Renewable energy resources; Solar energy; 
Wind energy; Wood resources 


Energy Resources Conservation Board see Alberta 


Energy Supplies Allocation Board see International Energy 
Agency 


Environment see Atomic energy—CANDU reactors; Biomass 
energy; Electricity; Energy policy; Energy resources— 
Development; Fossil fuels; Gas pipelines—Polar Gas Project; 
Hydro power; Hydro-Québec; Oil and oil products— 
Research and development, Oil sands; Solar energy 


Environment Department see Energy policy 
ERDA see Energy Research Development Agreements 


Erdmann, Ron (Energy, Mines and Resources Department) 
Energy Program estimates 
1986-1987, supplementary (A), 4:3, 13-5 
1987-1988, main, 19:4, 12-4, 26-7, 29 


Estimates see Atomic Energy Control Board; Atomic Energy of 
Canada Limited; Energy, Mines and Resources Department; 
Energy Program; Minerals and Earth Sciences Program; 
National Energy Board 


Ethanol see Gasoline 
European Space Agency see Space 


Everell, Marc Denis (Energy, Mines and Resources 
Department) 
Minerals and Earth Sciences Program, estimates, 1988-1989, 
main, 46:4, 19-22 


Exploration and development see Gas; Mining industry; Oil 
and oil products; Uranium 


Export Development Corporation see Atomic energy—CANDU 
reactors, Sales 


Exports see Coal; Electricity; Energy resources; Gas; Gas 
pipelines—Accessibility; Oil and oil products; Petro-Canada 
Inc.—Sulphur; Renewable energy resources; Uranium 


External Affairs Department see Mining industry—Regional 
Industrial Expansion Department; Petro-Canada 
International Assistance Corporation—Energy, Mines and 
Resources Department; Witnesses 


External aid see Developing countries 


Farvolden, Robert N. see Atomic Energy Control Board—Order 
in Council appointments 


Federal Energy Regulatory Commission see Gas—Double 
demand charge 


Federal-provincial conferences see Energy resources 


Federal-provincial relations see Energy resources— 
Development; Gas—Deregulation; Mining industry; Oil and 
oil products—Hibernia—Upgrader projects, Husky Oil Ltd.; 
Surveying and mapping 


Finance and Economic Affairs Standing Committee see Oil and 
gas industry—Investment, Industry 


Findlay, D.C. (Energy, Mines and Resources Department) 
Energy, Mines and Resources Department estimates, 
1988-1989, main, 46:4, 23 


Findley, Dr. Chris (Geological Survey of Canada) 
Mining industry, Committee study, 23:4, 36-7 


Fisher, Larry (Canadian Petroleum Association) 
Mining industry, Committee study, 27:3, 8-9, 11-2, 14 
Oil industry, Committee study, 27:3, 8-9, 11-2, 14 


Fisheries see Oil and oil products—Offshore, Georges Bank 


Flow-through shares see Mining industry—Investment; Oil and 
gas industry—Investment 


Fluidized bed combustion see Coal—Processing 


Food 
Irradiation, 4:28; 20:15; 33:26 


Forestry ministry 
Establishing, proposal, 15:32-3 


Fort Chipewyan, Alta. see Native land claims 


Fossil fuels 
Environmental concerns, 47:16 
See also Atomic energy—Reliance; Electricity— 
Environmental; Uranium—Resources 


Foster, Maurice (L—Algoma) 
Canada Centre for Mineral and Energy Technology, 23:27 
Mining industry, Committee study, 23:26-7 
Procedure and Committee business 
Agenda and procedure subcommittee, 1:8 
Chairman, M. (Gagnon), 1:5 
Organization meeting, 1:5-8 
Printing, M., 1:6 
Quorum, 1:6-7 


Francophones see Developing countries—Petro-Canada 
International Assistance Corporation; Energy, Mines and 
Resources Department—Staff; Petro-Canada Inc.—Staff 


Fraser, Sandra (National Energy Board) 
National Energy Board estimates, 1988-1989, main, 43:4, 18 
Oil and oil products, reserves and resources, Committee 
study, 7:3, 26-7 


Fredette, Jean-Guy (National Energy Board) 
National Energy Board estimates, 1988-1989, main, 43:4, 25 
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Free trade, Canada-United States agreement see Electricity— 
Exports to United States; Energy resources—Exports— 
Supply, security; Gas—Exports to United States; Mining 
industry; Potash industry—Canada-United States trade; 
Uranium—Exports 


Fuel 
Components, alcohols, research, 46:20 
Conventional/non-conventional, 7:22-3 
See also Atomic energy—CANDU reactors, Costs; Fossil fuels 


Fuel bundles see Atomic energy—Uranium 


Fulford, Dwight (Petro-Canada International Assistance 
Corporation) 
Oil and oil products, reserves and resources, Committee 
study, 22:3, 27-9 


Furness, Richard (Ontario Hydro) 
Atomic energy, Committee study, 38:4, 32 


Gagnon, Paul (PC—Calgary North; Acting Chairman) 
Alberta, 20:14 
Atomic energy, 20:14-6; 45:17-9, 21-3 
Committee study, 29:16-9, 27-31; 30:12-6, 23-6, 28-9; 
31:21-3,)30; 32:12-4, 23; 33:22-5; 34:7, 23-7: 
37:18-22, 30-1; 38:26, 32, 37-9; 39:19-24, 30; 40:6-7, 
9-10, 16, 18, 21-3, 26, 32-4, 37, 39-40; 41:8, 12-4, 32, 34; 
42:7, 9-10, 15, 18-25, 27-9; 47:15-20, 22-8, 31-5 
Atomic Energy Control Board, 47:17-9 
Estimates 
1987-1988, main, 20:14-6 
1988-1989, main,, 43:38-42 
Atomic Energy of Canada Limited, 36:8-9 
Estimates 
1987-1988, supplementary (C), 35:11-2, 19 
1988-1989, main, 45:17-9, 21-3 
Biomass energy, 18:33-4, 39 
Canada Centre for Mineral and Energy Technology, 17:20-1 
Coal, 29:18; 40:6-7; 42:9-10, 15, 21-3, 32 
Corporations, 19:28 
Defence equipment, 30:28; 43:41 
Developing countries, 22:7, 9-10, 17-8 
Electricity, 31:21-3, 30; 37:18-22, 30-1; 39:19-23, 30; 41:12-4, 
32, 34; 42:7, 18-9, 27-9; 47:32; 49:18-9 
Energy, Mines and Resources Department estimates, 
1987-1988 
Main, 14:26-7 
Supplementary (C), 36:8-11, 14-6 
Energy policy, developing, Energy Options: A Canadian 
Dialogue, consultation process, report, Energy and 
Canadians: Into the 21st Century, Committee study, 
49:16-9 
Energy Probe, 33:22 
Energy Program estimates, 1987-1988, main, 19:8-11, 18-20, 
28 
Food, 20:15 
Gas, 6:51-2; 7:14, 24-6, 31-2; 21:13; 26:19-20, 33; 37:19-20 
Gas pipelines, 6:37-41, 53-4; 7:23; 21:12; 43:9-10 
Mineral resources, 17:20, 31 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 17:20-5, 28-35 
Mining industry, Committee study, 26:18-20, 27-8, 33; 27:6, 
11-5 


Gagnon, Paul—Cont. 


National Energy Board estimates 
1987-1988, main, 21:12-6, 19-20 
1988-1989, main, 43:7-10, 17-9 
Native land claims, 36:10-1 
New Brunswick Electric Power Commission, 40:9 
Oil and gas exploration, 17:29-30 
Oil and gas industry, 12:29-30; 14:26-7; 19:8-10; 26:18-9, 27-8, 
33; 49:16 
Oil and oil products, 17:22-5; 19:11, 18-20; 21:12, 20; 25:19-20; 
26:19-20; 27:11-5; 43:7-8; 49:17-8 
Reserves and resources, Committee study, 5:6, 22-6, 33, 37; 
6:37-41, 51-4; 7:14, 23-6, 30-3; 11:20-1, 26-7, 33; 
12:19-22, 28-30, 36-7; 13:14-7, 25-8, 34-5; 18:29-34, 
36-40; 22:27 
Oil industry, Committee study, 26:18-20, 27-8, 33; 27:6, 11-5 
Petro-Canada Inc., 14:27 
Annual Report and Auditors’ Report, 1986, 25:19-21 
Petro-Canada International Assistance Corporation estimates, 
1987-1988, main, 22:7-10, 16-8, 23 
Procedure and Committee business 
Acting Chairman, 36:15 
Briefs, M., 34:7 
Chairman, Ms., 1:5; 29:7 
Information, 30:23-4; 36:16 
Organization meeting, 1:5-7; 29:7 
Questioning of witnesses, M., 1:7 
Quorum, 1:6 
Vice-Chairman, M., 1:5 
Witnesses, M., 1:7 
RADARSAT, 36:9-10 
Renewable energy resources, 18:35-9 
Solar energy, 18:29-31 
Space, 17:28-9 
Texaco Canada Resources, 13:34 
Uranium, 30:12-3; 34:23, 27 
Wind energy, 18:30 


Ganim, Wayne (National Energy Board) 


National Energy Board estimates 
1987-1988, main, 21:3, 15-6, 19, 23-6 
1988-1989, main, 43:4, 15-7, 24-5 


Gas 


Consumption, 3:6; 7:15 
Demand, 7:13; 26:9 
Projections, 7:14; 8:22 
See also Gas—Exports to United States—Supply/demand— 
United States 
Deregulation, Nov. 1/86, 6:26; 14:15-6; 44:5 
Background, scheduling, 3:7 
Effects, 3:12-3, 18; 6:54; 7:12; 14:25-6; 26:7; 44:5-6; 49:8-9 
Competition, 6:26-7 
Markets, 3:7-8, 13, 21; 6:27; 14:16 
Pre-existing contracts, validity, 7:26-7 
Price, 3:5, 10-3, 16-7; 6:35, 54-5; 14:28 
Production, 3:13-4 
See also Gas pipelines 
Federal-provincial agreements, implementing, 3:7-8, 10 
National Energy Board review, 6:36-7 


ENERGY, MINES AND RESOURCES 


Gas—Cont. 
Double demand charge, 3:8 
Federal Energy Regulatory Commission decision, effects, 
6:27-8, 33-4, 45-6, 50-2, 54-5; 7:15-7; 8:26-7; 
21:13-4; 25:35; 27:7; 43:20-1; 44:28 
Medicine Hat, Alta., position, 3:26-7 
Exploration and development, economic conditions, effects, 
26:12 
Exports, 3:8; 7:14-5, 33 
National Energy Board role, 21:6; 26:32-3 
Exports to United States, 3:6; 6:27, 29 
Demand, projections, 8:21-3, 28-9; 13:37-8; 26:9-10 
Free trade agreement, 44:27-8 
Markets, 6:29; 7:22 
Prices, 3:16-8; 6:36; 7:17; 21:14 
Revenues, 3:6; 6:27 
Supply, 8:7-8, 16-20, 27; 11:16-7; 26:10 
See also Gas pipelines—Accessibility 
Market, 26:15 
See also Gas—Deregulation, Effects—Exports to United 
States—Supplies, Alberta 
Price, 3:9; 6:35-6, 47; 26:13 
Alberta, 42:9 
Consumer, 3:11, 16-8; 6:34, 38, 55-6; 7:20-1, 24 
Determining, 7:25-6 
Net back pricing system, 6:33-4 
Projections, 7:12-3; 8:28-30; 31:9 
Western Gas Marketing Ltd./producers, agreement, 6:30-2 
See also Gas—Deregulation, Effects—Exports to United 
States—United States 
Propane see Gasoline 
Sales, 3:28 
Supplies, 6:48, 51 
Alberta, 8:16-7 
Core markets, defining, Public Utilities Board hearings, 
26:25-6 
British Columbia, 8:17 
Elimination, National Energy Board decision, impact, 
26:24-5, 32-3 
Frontier development, 6:52-3; 7:14; 8:20 
National Energy Board 
Assessment, 21:24-5 
Role, 3:9, 14-6, 25-6 
Study, report, 21:10-1 
See also Gas—Supplies, Elimination 
Offshore, 7:14 
Potential, 7:25; 8:16-22 
Production ratio, 6:52; 8:8-9 
Projections, 6:48-9, 52; 7:13-5, 31; 8:7-9, 31; 26:8 
Surplus, 3:24-5; 6:42, 48; 14:16; 26:26 
See also Gas—Exports to United States—United States 
Supply/demand, 7:13-5; 8:16-8, 21 
Surplus test, reserve requirements, 3:8-9, 16, 25, 27, 29-30; 
7:20, 31-2; 8:27; 21:8-10; 26:6-7 
Taxation, electricity system, comparison, 33:24; 37:19-20 
Transporting, costs, reducing, 26:19-20 
United States 
Demand, 8:11-3, 30; 26:10 
Imports from Mexico, 8:24 
Price, 7:12-3; 8:10-1, 16 


Gas—Cont. 


United States—Cont. 
Supplies, 7:31-2; 8:13-6, 29-30; 21:17; 26:10 
See also Gas—Exports to United States 


See also Oil and gas exploration; Oil and gas industry; 
Renewable energy resources; Uranium—Cost 


Gas pipelines 


Accessibility, 6:39-40; 7:23 
United States pipelines, affecting Canadian exports, 6:28 
Alaska gas pipeline, Beaufort Sea shipping alternative, 3:20 
By-pass, Cyanamid Canada Inc. constructing, application, 
National Energy Board decision, 21:11 
Capacity, 6:49 
Capital costs, 6:50-1 
Extension, 19:15-6 
Gas, deregulation, effects, 6:25; 43:9-10 
Market Development Incentive Payments Fund, 14:45; 
19:14-5 
Marketing, 6:34-5, 52-4; 7:23-4 
Polar Gas Project, Mackenzie Delta pipeline, 8:4-5, 21-2 
Canada-United States supply/demand, impact, 8:7, 30-1 
Construction schedule, 8:25, 32 
Cost, financing, 8:23-6, 32-4 
Design, 8:32-3 
Environmental impact, 8:23 
Producers, 8:26 
Reserves, 8:4-5, 31 
Tennessee Gas Transmission contracts, 8:6 
Safety, maintenance, inspection, 6:42-3 
Service, 6:42-3 
Tolls 
Competition, etc., 6:37-41 
Determining, 6:44, 49-50 
National Energy Board role, 7:21, 23; 21:18-9 
Payment, 6:44-5 
Regulated, 6:24-5; 21:12-3, 18-9 
Top gas charges, 21:26-7 
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Western Gas Marketing Ltd., establishment, role, operations, 


6:25-6, 32-4, 39-41, 53 


Gasoline 


Alcohol additives, ethanol, methanol, 18:36 
Retail price, variations, 25:22-6 
Automobiles, propane conversion, Natural Gas Vehicle 
Program, 14:18 


Gatenby, William A. (Texaco Canada Resources; Canadian 


Petroleum Association) 
Mining industry, Committee study, 27:3-10, 12-24 
Oil and oil products, reserves and resources, Committee 
study, 13:3, 5-42 
Oil industry, Committee study, 27:3-10, 12-24 


GATT see General Agreement on Tariffs and Trade 
General Agreement on Tariffs and Trade see Uranium 
Gentilly 1 see Atomic energy—Waste management 


Geological Survey of Canada 


Operations, mandate, 2:18-9; 23:9; 46:6 
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Geological Survey of Canada—Cont. 
Programs, funding, 46:23 
See also Energy, Mines and Resources Department—Earth 
Physics Branch; Mineral resources—Policy; Witnesses 


Geomatics see Energy, Mines and Resources Department— 
Surveys and Mapping Branch 


Georges Bank see Oil and oil products—Offshore 


Gervais, Auréle (PC—Timmins—Chapleau; Vice-Chairman) 
Atomic energy, 4:31-2; 20:21-2 
Committee study, 30:19-20; 38:41-2 
Atomic Energy Control Board estimates, 1987-1988, main, 
20:21-2, 26 
Atomic Energy of Canada Limited estimates 
1986-1987, supplementary (A), 4:31-2, 39 
1987-1988, main, 24:11-4 
Biomass energy, 18:19-21, 32 
Coal resources, Committee study, 10:15-7 
Electricity, 38:41-2 
Energy, Mines and Resources Department, 17:25 
Energy Program estimates, 1987-1988, main, 19:14-6 
Forestry ministry, 15:33 
Gas, 6:55 
Gas pipelines, 6:42-4; 19:14-6 
Gold, 2:16-8 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 15:16-7, 19-21, 23-4, 32-3; 17:6, 8-11, 25 
Mining industry, 2:28; 15:16-7, 32; 17:8-10, 25 
Committee study, 16:15-8; 26:11, 22-4, 35-7; 27:18-21, 23, 
34-6, 41-2 
Oil and gas industry, 26:22-4, 37; 27:36, 41 
Oil and oil products, 27:18-9, 21 
Reserves and resources, Committee study, 6:41-5, 55-6; 
7:27; 18:19-21, 32, 34 
Oil industry, Committee study, 26:11, 22-4, 35-7; 27:3, 18-21, 
23, 34-6, 41-2 
Procedure and Committee business, witnesses, 7:34-5 
Renewable energy resources, 18:21 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:16-8, 28 
TransCanada PipeLines, 6:41-2 
Wood resources, 38:41 


Gilmour, Andrew Boyd see National Energy Board—Order in 
Council appointments 


Ginn, Dr. Robert M. (Prospectors and Developers Association of 
Canada) 
Mining industry, Committee study, 23:4, 19-21; 27:3, 25-31, 
35-41 
Oil industry, Committee study, 27:3, 25-31, 35-41 


Glass, Robin (National Energy Board) 
National Energy Board estimates, 1988-1989, main, 43:4, 13, 
17, 19-20, 24-7 


Gold 
Production, costs, etc., 2:16-8 


Good, Leonard (Energy, Mines and Resources Department) 
Oil and oil products, reserves and resources, Committee 
study, 9:4-6, 21-2, 37-8 
References see Energy, Mines and Resources Department— 
Order in Council appointments 


Government departments and agencies see Order in Council 
appointments—Committee, Background; Petro-Canada 
International Assistance Corporation—Staff 


Government departments appearing see Witnesses 


Graham, Stan (PC—Kootenay East—Revelstoke) 
Coal resources, Committee study, 10:12, 14 


Gray, Darryl! L. (PC—Bonaventure—lles-de-la-Madeleine) 
Energy, Mines and Resources Department estimates, 
1988-1989, main, 44:24-6 
Energy resources, 44:24-5 
Wind energy, 44:25-6 


Gulf Canada Ltd. see Petro-Canada Inc. 


Gustafson, Len (PC—Assiniboia; Parliamentary Secretary to 
Prime Minister) 
Atomic energy, 46:29-30 
Committee study, 42:10 
Coal, 42:10; 46:15-6 
Energy policy, developing, Energy Options: A Canadian 
Dialogue consultation process, report, Energy and 
Canadians: Into the 21st Century, Committee study, 
49:20-1 
Energy resources, 49:20-1 
Minerals and Earth Sciences Program, estimates, 1988-1989, 
main, 46:15-7, 29-30 
National Energy Board estimates, 1988-1989, main, 43:17 
Potash industry, 46:16-7 
Uranium, 46:17, 29 


Haileybury School of Mines see Mining industry 


Hall, Ingrid (External Affairs Department) 
Atomic energy, Committee study, 42:4 


Hancox, Dr. W.T. (Atomic Energy of Canada Limited) 
Atomic Energy of Canada Limited estimates, 1986-1987, 
supplementary (A), 4:3, 23-4, 28, 32, 38 


Harding, Wayne (inter-City Gas Corporation) 
Oil and oil products, reserves and resources, Committee 
study, 6:22 


Hare, Dr. F. Kenneth (Ontario Nuclear Safety Review) 
Atomic energy, Committee study, 47:4, 6-45 
References, background, 47:15-6 


Hare report see Atomic energy—Safety 


Harris, Lawrence (Committee Researcher) 
Atomic energy, Committee study, 39:37-8, 44-5; 40:15; 
41:36-7; 47:39-42 
Atomic Energy of Canada Limited 
Estimates, 1987-1988, main, 24:28-9 
Order in Council appointments, Committee study, 14:7-12 
Mining industry, Committee study, 26:9 
National Energy Board estimates 
1987-1988, main, 21:25-6 
1988-1989, main, 43:23-5 
Oil and oil products, reserves and resources, Committee 
study, 8:33-4 
Oil industry, Committee study, 26:9 
Order in Council appointments, Committee study, 1:9-14 
Petro-Canada International Assistance Corporation estimates, 
1987-1988, main, 22:26 
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Harrison, Michael (Canadian Nuclear Association) 
Atomic energy, Committee study, 34:4, 6-10, 15, 17-9, 23-31, 
33-6, 38 


Hatcher, Dr. S. (Atomic Energy of Canada Limited) 
Atomic energy, Committee study, 30:3, 12, 15, 22-4, 26-7 
Atomic Energy of Canada Limited estimates 

1986-1987, supplementary (A), 4:3, 17, 26-32, 34-5 
1987-1988, main, 24:3, 17-8, 26-7 


Hawkes, Jim (PC—Calgary West; Parliamentary Secretary to 

Deputy Prime Minister and President of the Privy Council) 

Gas, 3:28 

Oil and gas exploration, 3:21 

Oil and oil products, reserves and resources, Committee 
study, 3:11, 20-3, 28, 30 

Procedure and Committee business 
Business meeting, 3:30-1 
Printing, M., 3:31 


Hazardous products see Transportation of dangerous goods 
Health see Atomic energy 

Heavy water/heavy water plants see Atomic energy 
Hibernia see Oil and oil products 


Hiles, Alan (National Energy Board) 


Oil and oil products, reserves and resources, Committee 
study, 7:3, 30-2 


Holding, John (Polar Gas Project) 


Oil and oil products, reserves and resources, Committee 
study, 8:3-6, 19-34 


Hopkins, Len (L—Renfrew—Nipissing—Pembroke) 
Atomic energy, Committee study, 34:11-4, 27-9, 35 
Atomic Energy of Canada Limited estimates, 1987-1988, 

supplementary (C), 35:12-4 


Hopper, Bill (Petro-Canada Inc.) 
Petro-Canada Inc. Annual Report and Auditors’ Report, 
1986, 25:8-11, 14-35 


Horner, Ralph Byron see National Energy Board—Order in 
Council appointments 


Hospitals 
Research, AECB jurisdiction, 32:23-4 
See also Atomic energy—Waste management 


Housing 
Energy efficiency, R-2000 Home Program, 14:18 


Hughes, Jim (Imperial Oil Limited) 
Oil and oil products, reserves and resources, Committee 
study, 12:4, 23-4, 28 


Husky Oil Ltd. 
Operations, production, 5:6, 8 
See also Oil and oil products—Upgrader projects; Witnesses 


Hutchison, Dr. William (Energy, Mines and Resources 
Department) 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:5, 19-20, 25-6 


Hydro-cracking see Canada Centre for Mineral and Energy 
Technology—Research and development 


Hydro power 
Costs, atomic energy, comparison, 37:12-3 
Environmental concerns, 37:9-10 
Newfoundland, 37:23-4 
Ontario, 38:31-2 
Quebec, development, 44:29-30 
Resources 
Breakdown by province, 34:12-3 
Development, cost effectiveness, 37:9 
Small hydro, application, potential, 18:8 


Hydro-Québec 
Corporate environment policy, 44:30 
Iles-de-la-Madeleine, Que. see Wind energy 


Imperial Oil Limited see Oil and oil products—Upgrader 
projects; Witnesses 


Imports see Copper; Gas—United States; Oil and oil products 


In camera meetings see Procedure and Committee business; 
Reports to House—Sixth 


Income Tax Act see Mining industry—Investment flow-through 
shares, Adjusted cost base; Oil and gas industry— 
Investment flow-through shares, Adjusted cost base 


Independent Petroleum Association of Canada 
Members, 26:6 
See also Witnesses 


Inflation see Oil and oil products—World price 


Institute of Cartography see Energy, Mines and Resources 
Department—Surveys and Mapping Branch, Relocation 


Insurance see Oil and oil products; Petro-Canada Inc. 
Integrated gasification combined cycle see Coal—Processing 
Inter-City Gas Corporation see Witnesses 

Inter-City Gas Resources see Witnesses 


International Atomic Energy Agency 
Canada role, participation, 20:7, 28 
See also Atomic energy 


International development see Mining industry 


International Energy Agency 
Administration, 9:6, 19 
Canada participation, 9:5-6, 12, 16, 19, 37-8; 19:20, 28 
Expenditures, 19:27-8 
National Research Council funding cuts, effects, 9:33-4 
Committees, establishing, representation, etc., 9:6-7, 19-20 
Emergency sharing system, tests, 19:20-2 
Energy Supplies Allocation Board, mandate, appointments, 
Cle, les 8 29-51 
Establishment, background, 9:6 
Mandate, objectives, 9:6, 31; 19:27-8 
Review of member countries, 9:34 
Member countries, 9:6, 16, 18 
Commitments re oil, 9:7-11, 14-5, 17, 22, 32-3, 35-7 
Funding, 9:29 
Voting formula, 9:28-9 
Non-member countries, relationship, 9:20-1 
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International Energy Agency—Cont. 
Organization of Petroleum Exporting Countries, 
relationship, 9:15-6 
See also Oil and oil products—Research and development— 
World price 


Interprovincial Pipe Lines see Oil and oil products—Pipelines 
Irradiation see Food 


Jeffery, W.G. (Energy, Mines and Resources Department) 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 17:4, 21, 23-5 


Jennekens, Jon (Atomic Energy Control Board) 
Atomic Energy Control Board estimates, 1987-1988, main, 
20:4-10, 12-9, 21-4, 26-31 


Johnson, Morrissey (PC—Bonavista—T rinity—Conception) 
Atomic energy, Committee study, 37:23-5, 31-6 
Electricity, 37:25, 31-5 
Hydro power, 37:23-4 
Oil and oil products, reserves and resources, Committee 

study, 9:22-4, 26-7 
Uranium, 37:24-5 


Jordan see Developing countries—Petro-Canada International 
Assistance Corporation 


Karas, Alex (National Energy Board) 
Atomic energy, Committee study, 31:3, 10-8, 20-3, 25-31 


Kaustinen, Ollie (Polar Gas Project) 


Oil and oil products, reserves and resources, Committee 
study, 8:3, 20, 32-3 


Kelly, Brian (Marbec Resource Consulting) 
Atomic energy, Committee study, 41:3, 14, 18-32, 35-9 


Keys, Jim (Tennessee Gas Transmission) 


Oil and oil products, reserves and resources, Committee 
study, 8:3, 6-7, 27, 29-30, 32 


Klenavic, John (National Energy Board) 
National Energy Board estimates, 1988-1989, main, 43:4, 6-7 


Koepke, Timothy Edward see Canada Lands Surveys 


Konow, Hans (Canadian Electrical Association) 
Atomic energy, Committee study, 37:3, 27-8, 30, 34 


Korea Electric Company see Atomic energy—CANDU reactors, 
Sales 


Krenkel, Peter (Inter-City Gas Resources) 


Oil and oil products, reserves and resources, Committee 
study, 6:22 


Kroeger, Arthur (Energy, Mines and Resources Department) 
Atomic energy, Committee study, 29:6, 8, 13, 36 
Energy, Mines and Resources Department estimates 
1987-1988 
Main, 14:6, 20, 25, 31-2, 36-7, 43, 45 
Supplementary (C), 36:3, 5-6, 11-4, 16 
1988-1989, main, 44:3, 19-20, 27-8, 30, 33-4 
Energy Program estimates, 1987-1988, main, 19:4-5, 14, 16-8, 
20, 23, 27-8, 30 
References see Energy Mines and Resources Department— 
Order in Council appointments 


Lambert, Ken (Small Explorers and Producers Association of 
Canada) 
Mining industry, Committee study, 26:5, 29-38 
Oil industry, Committee study, 26:5, 29-38 


Land claims see Native land claims 


Lanthier, Claude (PC—LaSalle) 
Energy, Mines and Resources Department estimates, 
1988-1989, main, 44:20, 28-30 


Larch, John (Prospectors and Developers Association of 
Canada) 
Mining industry, Committee study, 16:3-6, 9-10, 13-8, 20-3, 
25-8, 30 


Lawson, Don (Atomic Energy of Canada Limited) 
Atomic Energy of Canada Limited estimates 
1987-1988, main, 24:3, 15-6, 20-1, 23, 26 
1988-1989, main, 45:3, 8-10, 29-30 


Lay-offs see Oil and gas industry—Employment 


Lazar, Harvey (Energy, Mines and Resources Department) 
Energy, Mines and Resources Department estimates, 
1987-1988, main, 14:6, 21-2, 27-8, 38 
Energy Program estimates, 1987-1988, main, 19:4, 6, 8-11, 
18-20, 28 


Legislation see Atomic energy—Regulating—United States; 
Electricity—United States; National Energy Board; Oil and 
gas industry—Canadian Exploration and Development 
Program, Objectives 


Lévesque, René J.A. (Atomic Energy Control Board) 
Atomic energy, Committee study, 32:3-21, 24-8 
Atomic Energy Control Board estimates, 1988-1989, main, 
43:4, 28-38, 41-2, 44, 46-50 


Lighting systems see Electricity—Conservation 
Lignite see Coal—Sulphur content 
Lithoprobe Program see Oil and gas exploration 


Lloydminster, Alta. see Oil and oil products—Upgrader 
projects, Husky Oil Ltd. 


LNS burner see Coal—Processing 


Lorriman, Doug (Solar Energy Society of Canada Inc.) 
Oil and oil products, reserves and resources, Committee 
study, 18:3-6, 10-9, 21-7, 29-40 


Love, Dennis (Alberta Chamber of Resources) 
Mining industry, Committee study, 23:4, 30-1 


MacDougall, John A. (PC—Timiskaming) 
Atomic energy, Committee study, 29:21-3 
Atomic Energy of Canada Limited, 1:9 
Energy, Mines and Resources Department, 1:13 
Mining industry, 2:22, 24 
Committee study, 23:37-8; 27:37-9 
Oil and gas industry, 27:37-9 
Oil industry, Committee study, 27:37-9 
Order in Council appointments, Committee study, 1:8-9, 
12-3 
Procedure and Committee business, printing, M., 1:8 
Silver, 2:24 
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MacDougall, John A.—Cont. 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:22, 24 


Maciej, Hans (Canadian Petroleum Association) 
Mining industry, 27:3, 7, 14, 17, 22-3 
Oil industry, Committee study, 27:3, 7, 14, 17, 22-3 


Mackenzie, A.R. (New Brunswick Electric Power Commission) 
Atomic energy, Committee study, 40:3, 7, 10-34, 36-40 


Mackenzie Delta see Gas pipelines—Polar Gas Project; Oil and 
oil products—Amauligak 


MacLellan, Russell (L—Cape Breton—The Sydneys) 
Alternate energy, 39:17 
Atomic energy, 4:21-4, 33-5; 20:10-1, 19-20, 23-5; 44:12; 
45:29-30 
Committee study, 29:25-6, 31-2; 30:9-11, 21-2; 37:15-8, 
26-9, 32-4; 39:16-9, 30-2; 47:9-11, 22, 25 
Atomic Energy Control Board, 44:11 
Estimates, 1987-1988, main, 20:9-11, 19-20, 23-5, 30 
Atomic Energy of Canada Limited 
Estimates 
1986-1987, supplementary (A), 4:21-4, 33-5, 38-41 
1987-1988, supplementary (C), 35:6-9, 16-8, 20-1 
1988-1989, main, 45:28-31 
Order in Council appointments, Committee study, 14:8, 
11 
Canadian Electical Association, 37:17 
Coal, 15:10-2; 29:31; 46:12-5, 26-8 
Resources, Committee study, 10:9-12, 17-8 
Defence equipment, 20:9-10 
Dome Petroleum Ltd., 19:5-8; 25:10-1 
Electricity, 21:16-7; 37:15-6, 18, 26-9, 32-4; 39:16-9, 30-1; 
44:31-3; 49:23 
Energy, Mines and Resources Department, 15:9-10, 28-30, 37; 
17:13-8, 26-7 
Estimates 
1987-1988 
Main, 14:20-2, 28-30, 38-9, 44 
Supplementary (C), 36:4-8, 11-3 
1988-1989, main, 44:11-5, 26-8, 31-4 
Energy policy, 44:34 
Developing, Energy Options: A Canadian Dialogue 
consultation process, report, Energy and Canadians: 
Into the 21st Century, Committee study, 49:11-2, 22-3 
Energy Program estimates 
1986-1987, supplementary (A), 4:7-8, 15-6 
1987-1988, main, 19:6-8, 25-8 
Energy resources, 27:10-1; 36:13; 49:22 
Gas, 3:11-2; 6:30-3, 45-6, 54; 11:16; 14:28; 21:8-10; 26:32-3; 
44:27-8 
Gas pipelines, 6:32-3; 21:11, 18 
International Energy Agency, 19:27-8 
Mineral resources, 36:6 
Minerals and Earth Sciences Program estimates 
1987-1988, main, 15:9-12, 28-30, 35-7; 17:11, 13-8, 26-7, 
32-3 
1988-1989, main, 46:12-5, 26-8, 31, 33 
Mining industry, 36:6-8, 12; 46:12 
Committee study, 26:7-8, 14, 16, 32-3; 27:7, 9-11, 32-4 


MacLellan, Russell—Cont. 
National Energy Board estimates, 1987-1988, main, 21:8-11, 
16-8, 22 

Oil and gas exploration, 3:13; 14:44 
Oil and gas industry, 3:24, 28-9; 14:20-2, 28; 26:16, 32; 36:4-5 
Oil and oil products, 4:7-8, 15; 14:29-30, 38; 19:26-7; 21:18; 

25:26, 34; 26:7-8, 14, 32; 27:7, 9; 44:13-5, 26-7; 

49:11-2, 22 

Reserves and resources, Committee study, 3:11-4, 23-4, 

28-9: 6:30-3, 45-6, 54; 11:14-7, 23, 31, 33; 12:14-9, 24-6, 
35-6; 18:12-5, 23, 25-7 

Oil industry, Committee study, 26:7-8, 14, 16, 32-3; 27:7, 

9-11, 32-4 
Petro-Canada Inc., 12:24 

Annual Report and Auditors’ Report, 1986, 25:10-4, 26-8, 

34 

Procedure and Committee business 

Business meeting, 3:32 

Witnesses, 19:25-6 

M., 3:22 

Renewable energy resources, 18:25, 27; 36:13 
Solar energy, 18:12 
Space, 46:31 
Tin mines, 17:32 


Magdalen Islands, Que. see Wind energy 


Maier, Gerald J. (TransCanada PipeLines) 
Oil and oil products, reserves and resources, Committee 
study, 6:23-45, 48-56 


Mapping see Surveying and mapping 
Marbec Resource Consulting see Witnesses 


Market Development Incentive Payments Fund see Gas 
pipelines 


Marshall, Richard (Coal Association of Canada) 
Coal resources, Committee study, 10:3-10, 12, 14-9 


Martin, Louise see Atomic Energy of Canada Limited—Order 
in Council appointments 


Masse, Hon. Marcel (PC—Frontenac; Minister of Energy, Mines 

and Resources) 

Acid rain, 14:36 

Asbestos industry, decline, 14:19-20 

Atomic energy, 14:28-33, 42 

Atomic Energy Control Board, resources, 44:12 

Biomass energy, 14:33; 44:8 

Electricity 
Demand, 44:7-8 
Environmental concerns, 49:23 
Exports to United States, 44:5, 31-3 
Independent producers, 44:8 
Transmission, 49:19-20 
Utilities, 44:26 

Energy, Mines and Resources Department 
Corporate Policy and Communication sector, 44:8-9 
Estimates 

1987-1988, main, 14:13-36, 38-44, 46 
1988-1989, main, 44:4-27, 29-35 

Expenditures, 14:36-7 
Historical background, mandate, 14:13; 44:10-1 
Official languages, 44:21-2 
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Masse, Hon. Marcel—Cont. 
Energy, Mines and Resources Department—Cont. 
Staff, 14:22, 25; 44:10-1, 16, 22-3 
Surveys and Mapping Branch, 14:39-40 
Energy policy 
Developing, 44:8-9, 29, 34 
Energy Options: A Canadian Dialogue consultation 
process, report, Energy and Canadians: Into the 
21st Century, Committee study, 49:4-24 
Energy resources 
Development, 14:15; 44:25 
Economic conditions, 49:5-6 
Economic contribution, 14:14; 49:4 
Exports, 44:4-5 
Federal-provincial conference, 44:5 
Jurisdiction, 14:14; 49:5 
Price, 3:9 
Regional perceptions, 49:21-2 
Research and development, 49:9 
Supply/demand, 49:21 
Supply, security, 49:12, 23 
Tax incentives, 44:5 
Use, 49:9 
Gas, 3:5-6, 9, 11 
Deregulation, 3:7-8, 10, 12-4, 16-7; 14:15-6, 25-6; 44:5-6; 
49:8-9 
Supplies, 3:8-9, 14-5, 25-7, 30; 14:16 
Gas pipelines, 3:20 
Gasoline, 14:18 
Housing, energy efficiency, 14:18 
Hydro power, Quebec, 44:29-30 
Hydro-Québec, 44:30 
National Energy Program, dismantling, 14:15; 49:6 
Oil and gas exploration, frontier development, 14:29, 44 
Oil and gas industry 
Canadian Exploration and Development Incentive 
Program, 14:17, 20-1, 26-7; 44:6; 49:17 
Foreign takeovers, 3:24, 29 
Investment, 3:22-3 
Ownership, 3:22 
Oil and oil products 
Athabasca oil sands, 3:20 
Conservation, 14:18 
Consumption, 44:7 
Exploration and development, 44:7 
Exports to United States, 44:5 
Foreign investment, 3:21-2 
Hibernia, 14:30; 49:13, 15-6 
Megaprojects, 44:17-8; 49:8, 13 
Offshore, 14:17, 34 
Petroleum Incentives Program, 44:14 
Petroleum Incentives Program II, 14:24, 42-3 
Policy, 14:41 
Prices, 14:41-2; 49:6 
Refineries, 3:23-4 
Reserves and resources, Committee study, 3:4-30 
Supplies, 3:19 
Upgrader projects, 14:17-8, 38; 44:13, 18; 49:14-6 
World price, 14:16; 44:6 
. World supplies, 44:6 
Petro-Canada Inc., 14:27; 44:17 
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Masse, Hon. Marcel—Cont. 
Procedure and Committee business, questioning of witnesses, 
44:27 
RADARSAT, future, 14:35-6 
Wind energy, demonstration project, 44:8, 26 
Wood resources, development, 14:31 


McConnell, Lorne (Ontario Hydro) 
Atomic energy, Committee study, 38:4-11, 15-9, 26-51 


McTaggart-Cowan, Jim (Energy, Mines and Resources 
Department) 
Energy, Mines and Resources Department estimates, 
1987-1988, supplementary (C), 36:3, 17 


MEDA see Mineral Exploration Depletion Allowance 


Media see Atomic energy—Public attitudes; Reports to House— 
Sixth 


Medicine Hat, Alta. see Gas—Double demand 
Megaprojects see Oil and oil products 


Mensforth, Stuart (Energy, Mines and Resources Department) 
Energy, Mines and Resources Department estimates 
1987-1988, main, 14:6, 43-5 
1988-1989, main, 44:3, 30-1 
Minerals and Earth Sciences Program estimates 
1987-1988, main, 17:4, 19-20, 25 
1988-1989, main, 46:4, 25-6 


Merrithew, Hon. Gerald S. (PC—Saint John; Minister of State 
(Forestry and Mines); Minister of Veterans Affairs and 
Minister for the purposes of the Atlantic Canada 
Opportunities Agency) 

Atomic energy, waste management, 46:10 
Canada Centre for Mineral and Energy Technology 
Operations, 15:8; 23:28, 47; 46:7 
Organizational structure, 46:7 
Privatization, 2:21-2; 23:28 
Relocating, 23:48 
Task Force on Program Review (Nielsen), 2:21-2 
Coal 
Coal Demonstration Project, 46:13-4 
Processing, 15:12 
Research and development, 46:12 
Sulphur content, 2:27; 15:11, 13-4; 46:14-6 
Transporting, 23:40 
Energy, Mines and Resources Department 
Decentralizing, 23:29 
Earth Physics Branch, 15:7 
Surveys and Mapping Branch, 15:9-10, 28-9, 35-6; 46:6-7 
Energy Research Development Agreements, 2:30 
Forestry ministry, establishing, 15:33 
Geological Survey of Canada, operations, 2:18; 23:9; 46:6 
Gold, production, 2:16 
Mineral resources 
Offshore, 2:26 
Policy, 23:9 
Processing, 46:31 
Minerals and Earth Sciences Program estimates 
1987-1988, main, 15:4-15, 17-9, 21-2, 24-6, 31-6 
1988-1989, main, 46:5-18, 22, 29, 31 
Mines, closures, 2:12; 23:25; 46:22 
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Merrithew, Hon. Gerald S.—Cont. 
Mining industry 
China-Canada co-operation, 15:31-2 
Committee study, 23:22-6, 28-9, 32, 34, 36, 38, 40, 43-5, 
47-8 
Developing countries, 2:27-9 
Distress, 15:5, 7 
Employment, 15:22 
Equipment, 2:13-4; 15:21 
Exploration and development, 15:6; 46:8 
Free trade agreement, 46:9 
Government role, 2:9-10 
Investment, 15:6, 24; 46:9, 12 
Mineral Development Agreement Program, 15:7 
Mineral Outlook Conference, 46:7 
National policy, 2:10-1; 15:8; 46:9 
Private sector/government co-ordination, 2:8-9; 15:5; 46:8, 
10-1 
Regional Industrial Expansion Department mandate, 2:25 
Tailings, 2:23 
Technology, 2:22-3 
Mining ministry, establishing, 15:32-3 
Polar Continential Shelf Project, objectives, 46:6 
Potash industry 
Canada-United States trade, 15:24-6; 46:16-7 
New Brunswick, 15:26; 23:44-5 
Surveying and mapping, 46:10 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:5, 7-14, 16, 18, 21-30 
Uranium 
Energy Program, 15:15 
Mining, 23:45 
Resources, 46:17-8, 29 


Methanol see Gasoline 


Mexico see Acid rain; Gas—United States, Imports; Oil and oil 
products—Reserves 


Middle East see Oil and oil products 


Miles, Peter (National Energy Board) 
Oil and oil products, reserves and resources, Committee 
study, 7:3, 6-15, 18-31, 33-4 


Minaker, George (PC—Winnipeg—St. James) 
Atomic energy, 19:23-5 
Committee study, 34:14-7, 21-2, 27, 30-4, 37 
Atomic Energy Control Board, 1:10 
Atomic Energy of Canada Limited, Order in Council 
appointments, Committee study, 14:10-1 
Coal resources, Committee study, 10:16-7 
Electricity, 19:16-7 
Energy, Mines and Resources Department, 1:13 
Energy Program estimates, 1987-1988, main, 19:16-8, 23-5 
Order in Council appointments, Committee study, 1:10, 12-3 
Procedure and Committee business 
Organization meeting, 29:7 
Vice-Chairman, M., 29:7 
Uranium, 34:15, 21-2, 27, 34 


Mineral Development Agreement Program see Mining industry 


Mineral Exploration Depletion Allowance see Mining 
industry—Investment—Tax reform 


Mineral Outlook Conference see Mining industry 


Mineral resources 
Deposits off Vancouver Island, jurisdiction, determining, 
W720 5S 
International marketing, Energy, Mines and Resources 
Department role, 23:9-10 
Offshore, development 
Energy, Mines and Resources Department expenditures, 
person-years, 17:20-1 
Studies, etc., 2:25-6 
Policy, 36:6 
Geological Survey of Canada, role, 23:9 
Processing, 46:21-2, 31 
Task Force on Program Review (Nielsen) recommendations, 
response, 2:7-8; 36:6 
See also Coal; Copper; Gold; Silver; Uranium 


Minerals and Earth Sciences Program 
Estimates 
1987-1988, main, 15:4-37; 17:6-37 
1988-1989, main, 46:5-33 
Expenditures, 15:34-5 
Objectives, 15:5; 46:8 
Organizational structure, 23:11; 46:6 
Role, operations, 15:14; 46:5-6 


Mines 
Closures, community adjustment, 23:25 
Single-industry towns, 2:12-3; 46:22 
Safety, 23:13 
See also Coal; Tin 


Mining Association of Canada see Witnesses 


Mining industry 

China-Canada co-operation, marketing, 15:31-2 
Committee study, 16:4-31; 23:5-49; 26:6-38; 27:4-42 
Co-operative programs, establishing, objectives, etc., 23:13-4 
Developing countries, CIDA assistance, 2:27-9 
Distress, 15:5, 7 
Elliot Lake, Ont. position, correspondence to Committee, 

23:27 
Employment, 15:22-3 

Tax reform, impact, 16:5, 9, 16; 26:36; 27:20, 41-2 
Equipment, manufacturing 

Foreign/domestic, implications, 2:13-5; 15:16-7, 20-1, 27-8 

Technology support, Quebec Mineral Agreement, 

provisions, 2:13-4 

Exploration and development, 46:8 

Access to lands, 27:25-6, 35 

Native land claims, effects, 27:40-1 
Parks, 27:26, 38-9 

Capital gains tax exemption, impact, 27:40 
Federal-provincial co-operation, 15:6 

See also Mining industry—National policy—Taxation 
Free trade agreement, impact assessment, 46:9 
Funding, 23:20 
Geoscientific data base, establishing, 23:20 
Government role, 2:9-10; 23:25-6, 33-4 

Industry liaison, service, 27:25-6 
Haileybury School of Mines, value, funding, etc., 23:27-8 
International development, impact, CIDA role, etc., 23:28 
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Mining industry—Cont. 
Investment, 16:10 
Canadian Exploration Incentive Program, 46:9, 11-2 
Incentives, 15:6, 23; 16:15, 23-5; 27:27-8 
Mineral Exploration Depletion Allowance, 27:27, 30-1 
Investment flow-through shares, 15:16-9, 21-4, 30; 16:11; 
27:28-30 
Adjusted cost base, Income Tax Act, amendment 
proposed, 27:32-4, 36-7, 39 
Cost to government, 16:11-3 
Evolution, background, 16:6-8, 13-4, 20, 28-9 
Nova Scotia, effects, 16:20; 27:28 
Ontario, effects, 27:29 
Provisions, restrictions, 16:28 
Quebec, effects, 16:18-9; 27:28, 35-6 
Markets, competition, 23:13, 17, 26 
Mineral Development Agreement Program, 15:7; 17:8-10; 
23:30 
Agreements, administration, funding, 36:7-8; 46:18-9 
Alberta position, 23:30-2 
Expenditures, 17:25; 36:6-7; 46:9 
International sales, promotion, 36:12 
Provincial negotiations, consultation, 17:8-10 
Regional, economic agreements, 23:32 
Mineral Outlook Conference, 46:7 
Municipalities, position, 23:34 
National policy, 17:7-8; 46:9 
Development, 15:8; 23:5, 17, 22 
Federal-provincial co-ordination, 23:23 
Jurisdiction, 2:10-1 
Policy statement, May 20/87, release, objectives, 23:6, 8-9, 
22-3 
Prices 25:12 
Private/public sector co-ordination, roles, 23:25-6; 46:10-1 
Production, 23:12; 46:8 
Productivity, factors, 2:8-9; 15:5; 23:17, 48; 46:8 
Regional Industrial Expansion Department, mandate, 2:24-5 
Energy, Mines and Resources Department/External Affairs 
Department, overlap, 23:9 
Regulatory environment, 23:24 
Research and development, funding, 23:15, 18, 41-4 
Sales, demand, 23:12 
Tailings, 2:22-4; 46:19-20 
Tax reform, impact, 16:4-5, 12, 29-30; 23:6, 20-1, 29; 26:36; 
27:31 
Capital gains tax exemption, application, 16:21-2, 27; 
P52, 38 
Junior companies, 16:5, 9-10, 12-3, 22; 27:20 
Mineral Exploration Depletion Allowance, relationship, 
27:30-1, 37 
Neutral tax system, maintaining, 16:5, 8, 10 
Stakeholders, consensus, developing, 27:36-8, 41 
See also Mining industry—Employment 
Taxation 
Capital gains tax exemption, 27:27 
Federal-provincial co-ordination, 17:10-3 
Prospector, defining, 27:35 
Technological support, 23:21 
Technology, up-grading, 2:22-3; 15:5; 23:13, 25 
Transportation, deregulation, effects, 15:16, 19 


Mining industry—Cont. 
Transportation of dangerous goods, restrictions, impact, 
15:16-7, 19-20 
See also Uranium 


Mining ministry 
Establishing, proposal, 15:32-3; 23:27-9 


Mitchell, Nancy (Energy, Mines and Resources Department) 
Minerals and Earth Sciences Program, estimates, 1988-1989, 
main, 46:4, 14-6, 20-1 


Mobil Oil see Oil and oil products—Hibernia megaproject 


Montreal, Que. see Oil and oil products—Pipelines, Sarnia, 
Ont. 


Moore, Ray (Energy, Mines and Resources Department) 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 17:4, 16-9, 26-7 


Morocco see Developing countries—Petro-Canada International 
Assistance Corporation 


Morrish, Jack (Coal Association of Canada) 
Coal resources, Committee study, 10:3, 13-4, 17 


Morrison, Dr. R.W. (Energy, Mines and Resources Department) 
Atomic energy, Committee study, 29:6, 8-16, 18, 21-36 
Energy Program estimates, 1987-1988, main, 19:4, 23-5 


Motors see Electricity—Conservation 
Municipalities see Mining industry 


Musgrove, Martha (Energy, Mines and Resources Department) 
Energy Program estimates, 1987-1988, main, 19:4, 14-5 
Oil and oil products, reserves and resources, Committee 
study, 3:4, 28 


National Advisory Council on CANMET see Canada Centre for 
Mineral and Energy Technology; Witnesses 


National Conservation and Alternative Energy Initiative see 
Energy resources—Conservation 


National Defence Department see Atomic Energy Control 
Board—Jurisdiction; Defence equipment 


National Energy Board 
Activities, Energy, Mines and Resources Department 
duplication, 43:21-2 
Annual Report, 1986 see Orders of Reference 
Cost-recovery programs, 21:12; 43:15-7 
Estimates 
1987-1988, main, 21:4-27 
1988-1989, main, 43:5-27 
Expenditures 
Equipment maintenance, 21:19-20 
Office automation, 43:5-6 
Professional and special services, 21:14-6, 20 
Projections, 21:25-6 
Lapsed funding, 43:19, 23-4 
Legislation, National Energy Board Act, 43:17-8 
Mandate, 21:5, 20-3; 31:23-5; 43:13-4, 19-20, 25-7 
Members, 1:11-2; 21:8; 43:6, 10-3, 18-9 
Office space, reduction, renovation, 43:5-7, 23-5 
Order in Council appointments 
Gilmour, Andrew Boyd, Committee study, 1:10-2 
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National Energy Board—Cont. 
Order in Council appointments—Cont. 
Horner, Ralph Byron, Committee study 
M., 6:22, agreed to 
Report to House, 6:22, agreed to 
See also Orders of Reference; Reports to House—Third 
Senneville, Claude, 17:4, agreed to 
Regulatory functions, 21:5-6; 43:6 
Focused audits, 43:25 
Staff, person-years, reduction, 21:4-8; 43:5, 7, 13 
See also Electricity—Exports—Transmission; Energy 
resources—Exports—Supply/demand; Gas— 
Deregulation—Exports—Supplies; Gas pipelines—By- 
pass—Tolls; Oil and oil products—Supplies; 
Transportation Fuel Compensation Recovery Charges; 
Witnesses 


National Energy Board Act see National Energy Board— 
Legislation 
National Energy Program 
Dismantling, 14:15; 49:6 


National Research Council see International Energy Agency— 
Canada participation; Renewable energy resources 


National Transportation Act, 1987 (Bill C-18) see Coal— 
Transporting 


Native land claims 
Cree Band of Fort Chipewyan, Alta., topographic survey, 
expenditures, funding, 36:10-1 
See also Mining industry—Exploration and development 


NATO see North Atlantic Treaty Organization 
Natural gas see Gas 
Natural Gas Vehicles Program see Gasoline 


New Brunswick see Alternate energy; Electricity—Supply— 
Transmission; Energy resources; Potash industry; Wood 
resources 


New Brunswick Electric Power Commission 
Background, objectives, 40:5, 7 
Mandate, 40:9-10 
See also Witnesses 


Newfoundland see Electricity—Exports, Domestic energy 
requirements—Supply/demand; Energy resources; Hydro 
power; Oil and oil products—Hibernia megaproject 


Newfoundland Energy Limited see Oil and oil products— 
Refineries 


NewGrade Energy Inc. see Oil and oil products—Upgrader 
projects 


Nickerson, Dave (PC—Western Arctic) 
Mining industry, Committee study, 16:21-2 


Nielsen Task Force see Task Force on Program Review 


North Atlantic Treaty Organization 
Petroleum Planning Committee, activities, 19:22 


Northwest Territories Chamber of Mines see Witnesses 


Nova Scotia see Coal—Processing, Fluidized bed; Mining 
industry—Investment flow-through shares 


Nova Scotia Mines and Minerals Department see Witnesses 
NRC see National Research Council 
Nuclear energy see Atomic energy 


Nuclear Energy: Unmasking the Mystery see Reports to 
House—Tenth 


Nuclear Liability Act see Atomic energy—Legislation 


Nuclear Power Demonstration decommissioning program see 
Atomic energy 


Nuclear Power Demonstration reactor see Atomic energy 


Nutter, David (Northwest Territories Chamber of Mines) 
Mining industry, Committee study, 23:4, 35-6 


Nystrom, Lorne (NDP—Yorkton—Melville) 

Atomic energy, Committee study, 30:16-9 

Energy, Mines and Resources Department estimates, 
1988-1989, main, 44:15-8 

Energy policy, developing, Energy Options: A Canadian 
Dialogue consultation process, report, Energy and 
Canadians: Into the 21st Century, Committee study, 
49:13-4, 16 

Oil and oil products, 44:17-8; 49:14, 16 

Petro-Canada Inc., 44:16-7 


O’Brien, David (Petro-Canada Inc.) 
Petro-Canada Inc. Annual Report and Auditors’ Report, 
1986, 25:8, 11-3, 18, 22-4, 26-8, 30-1 


O’Brien, Noel (Canadian Nuclear Association) 
Atomic energy, Committee study, 34:4-6, 10, 13-5, 20-2, 24, 
27, 29-33, 35, 38-9 


Ocean Drilling Program see Oil and gas exploration 
Official languages see Energy, Mines and Resources Department 


Oil and gas exploration 
Frontier development 
Cohasset, N.S., 14:29, 44 
Costs, federal funding, 19:22-3, 28 
Lithoprobe Program, operations, funding, 17:29-31 
Ocean Drilling Program, participation, 17:29-30 
Petro-Canada Inc. activities, 3:13, 21; 25:18 
Texaco Canada Resources, operations, 13:6 


Oil and gas industry 
Canadian Exploration and Development Incentive Program, 
18:38-9; 19:20; 26:6, 12, 30; 44:6, 11 
Alberta government, consultation, 19:10 
Applications, assessment, 19:11; 36:4-5, 12 
Expenditures, 19:8-9; 36:4-5, 12; 44:6 
Extending, 49:16-7 
Investment, flow-through shares, encouraging, 26:30-2 
Objectives, terms and conditions, legislation enacting, 
14:17, 20-2, 26-8; 19:6, 9-10 
Person-years, 36:4, 12 
Regulations, associated companies, 19:9 
Corporations, small/multinational, position, 12:34 
Employment, lay-offs, 13:7 
Foreign takeovers, restrictions, etc., 3:24, 28-9 
Government consultation, 27:6 
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Oil and gas industry—Cont. Oil and oil products—Cont. 


Investment, financing, 26:13-6 
Industry associations, presentations to Finance and 
Economic Affairs Standing Committee, 26:19, 24, 34; 
27:39 
Preferred share financing, 26:17-8, 23-4, 26-7, 35 
Tax reform, effects, 26:16-8 
Investment flow-through shares, 3:22-3, 26:36-7; 27:20-1 
Adjusted cost base, Income Tax Act, amendment 
proposed, 26:18-9, 22, 24, 31-4 
Canadian Exploration Incentive Program, 46:11-2 
Private producers, eligibility, 44:23-4 
Capital raised, 26:18, 30 
Cost to government, 26:21 
Tax reform, impact, 26:26-8, 35-6 
Capital gains tax, application, 26:17, 20, 22-3 
Junior companies, 26:21-2 
Stakeholders, consensus, developing, 27:36-8, 41 
Markets, controlling, 14:22-3; 26:15 
Ownership, 3:22; 12:29-30 
Canadian/foreign, control, impact, 25:15 
Resource potential, 26:15 
Revenues, projection, 26:13 
Service sector, capacity, 12:34-5 


Oil and oil products 
Amauligak and Mackenzie Delta fields, development, costs, 
5:10-2, 16-7, 32, 36-8, 40; 13:14 
Athabasca oil sands 
Resources, 5:8-9; 27:5 
Syncrude project, 3:20; 14:23; 27:9 
Buying/trading, government involvement, 5:17-8, 30-1 
Conservation, 7:18-9, 29-31; 11:5; 12:17; 14:18 
Consumption, 26:7; 44:7 
Crude oil allocation program, 9:12-3, 30 
Demand 
Projections, 7:8, 10, 18, 28-9; 12:9 
World demand, 12:6-8; 26:8 
See also Oil and oil products—Supply/demand 
Drilling activity, projections, 26:14-5, 36; 27:5 
Earned depletion, 13:11 
Application, 27:11-2 
Reinstating, 26:32 
Removal, impact, 27:8-9 
Exploration and development, 5:7; 44:7 
Economic conditions, impact, 13:9-10, 13; 26:11-2 
Economic effects, 13:9, 12 
Government expenditures, 14:18 
Investment, financing, 3:13, 20-1; 13:16 
Tax incentives, 13:10-1, 15-6, 18-9 
Taxation, factor, 5:27 
See also Oil and oil products—Offshore 
Exports, 7:33; 9:27; 12:9-11 
Exports to United States, 5:6; 44:5 
Foreign investment, 3:21-2 
Hibernia megaproject, Newfoundland 
Development, 13:14-5; 25:19, 29; 49:13, 15-6 
Federal-provincial negotiations, 14:30 
Financing, capital requirements, 5:23-5, 40; 13:13; 25:20, 
22, 26 
Mobil Oil position, 5:25; 14:29-30 


Hibernia megaproject, Newfoundland—Cont. 
Production units, gravity-based structures, 25:20-1 
Reserves, 3:19; 5:8-9 
Imports, 9:24; 12:10-1; 13:7 
See also Oil and oil products—United States 
Insurance tax, proposing, 5:17-8 
Investment 
Cutbacks, 12:25 
Return on capital, risks, etc., $:13-4; 12:25; 26:12 
Strategy, 12:15-6 
Western region, 5:6-7 
See also Oil and oil products—Exploration and 
development 
Market potential, 26:15 
Megaprojects, 44:7, 17-8 
Government assistance, justification, 49:8, 11-4, 22 
See also Oil and oil products—Hibernia—Upgrader 
projects, Husky Oil Ltd. 
Middle East, 11:7, 14-5, 17, 19-20, 23-6, 31-2 
See also Oil and oil products—Organization of Petroleum 
Exporting Countries, Sales—World price 
Offshore 
Development, 14:17, 34 
Drilling, costs, 13:32 
Fisheries, protection, studies, etc., 13:12, 17, 29-30 
Georges Bank, Texaco Canada Resources, development, 
13:12, 16, 18, 22-3, 30-3 
Organization of Petroleum Exporting Countries, 11:26-8 
Oil prices, role, 5:29-30; 11:10-4, 30-1; 26:8-9 
Sales, Middle East, 11:23 
Petroleum Incentives Program 
Abuse, investigations, 19:11 
Bow Valley Industries Ltd., eligibility, 19:19-20; 44:14-5, 
26-7 
Evaluation reports, 36:16 
Expenditures, 14:38; 19:18-9 
Phasing out, 44:14 
Employees affected, 14:37 
See also Oil and oil products—Upgrader projects, Husky 
Oil Ltd. 
Petroleum Incentives Program II, establishing, 14:24, 42-3 
Petroleum Products Allocation Program, application, 
objectives, 9:12-4, 22 
Pipelines 
Interprovincial Pipe Lines, expansion, 43:8-9 
Sarnia, Ont. to Montreal, Que., reversing flow, feasibility, 
9:25-6, 38-9 
Tolls, 21:12-3, 18, 20; 43:7-9 
Policy, 5:15-6; 13:6-7 
Canada-United States, developing, 5:33-4; 11:16 
National strategy, developing, 14:40-1 
Prices 
Consumer price, differences, 5:13 
Costs, relationship, 5:8 
Decline, implications, 12:13; 13:7; 26:7, 11, 29-30 
Economic conditions, 7:7, 27; 12:13-4; 13:8; 14:41-2 
Factors, 5:13-4, 20-1, 27-30 
Federal government role, policies, effects, 5:14-5, 21-2, 
29-30; 49:6 
Foreign control, regulating, 5:12-3, 21-2, 25-6 
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Oil and oil products—Cont. 
Prices—Cont. 
Inflated, 8:33-4 
Instability, effects, 5:5, 29; 12:13 
Private sector capital markets, 5:14 
Projections, 5:29; 7:18, 21; 8:28; 12:21; 13:14, 40; 27:6 
Stabilized, 26:6, 10, 30 
World production, impact, 7:27-8 
See also Developing countries—Petro-Canada 
International Assistance Corporation; Electricity— 
Exports, Revenues; Oil and oil products— 
Organization of Petroleum Exporting Countries— 
United States—World price 
Production, 5:6; 12:30 
Alberta, 5:7 
Small/large producers, co-operation, 27:21 
Stimulating, 11:21 
See also Oil and oil products—United States 
Refineries 
Alberta, capacity, 4:13 
Come-by-Chance, Nfld., Petro-Canada Inc. sale to 
Newfoundland Energy Limited, conditions of sale, 
3:23-4 
Research and development, 17:22-3 
Heavy equipment, 9:32 
International Energy Agency programs, participation, 
9:31-2, 34-5 
Oil sands treatment technology, environmental concerns, 
17:23-5 
Reserves 
Atlantic region, 9:14, 17-8, 23 
Beaufort Sea, 5:8-10; 12:30-1 
Canadian Armed Forces, stocks, 9:35 
Emergency allocation, etc., 9:9-10, 16-7, 20, 23-4, 26-30, 
37-8; 12:23; 19:21-2; 25:31 
Mexico, 11:20 
Saudi Arabia, 11:9-11; 17:23; 22:27-9 
Undiscovered reserves, definition, 26:7 
Venezuela, 11:26-7 
See also Oil and Oil products—Hibernia 
Reserves and resources, Committee study, 3:5-30; 5:5-41; 
6:24-56; 7:5-35; 8:4-35; 9:5-39; 11:5-33; 12:5-37; 
13:5-42; 18:4-41; 22:27-9 
M. (Hawkes), 3:30, agreed to, 4 
Supplies, 26:7 
Alberta, 5:9 
Corporate contribution, role, 12:25-8 
Developing 
Costs, impact, etc., 5:9-11, 29; 12:36-7 
Financing, 5:16-20, 22-3, 28, 30-3, 38 
Government investment, role, 5:18-21, 26-7, 30-1, 38-9 
Heavy/light crude, 7:11; 13:41-2 
Light medium crude, 3:19; 7:25 
National Energy Board assessment, 21:24-5 
Potential, 5:9; 7:4-5 
Projections, 7:8-9, 11, 21, 29-30, 32-3; 8:31; 12:9, 21; 18:9; 
25:17-8 
Security of supply, 12:10-1, 14-5, 18, 26, 35-6; 13:9, 13-4, 
42; 25:32; 27:21-3 
Self-sufficiency, 7:25, 30; 12:12 
Energy efficiency, relationship, 33:12-3 
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Oil and oil products—Cont. 


Supplies—Cont. 
Shut-in, 7:32 
Sources, §:6; 7:11 
See also Oil and oil products—United States—World 
supplies 
Supply/demand, 5:20; 12:9, 28 
Tax reform, implications, 25:26-7; 27:7-8, 18-9 
Enhanced oil recovery, 27:8-11 
Major projects, 25:27; 27:8-10 
Put-in-use rules/lower tax rates, benefits, comparison, 
ZING 
Taxation, 27:17-8 
Anti-avoidance provisions, tax rulings, delays, 
implications, 27:16-7 
Cross-border transactions, 27:19-20 
Fairness, 27:12-3 
Loss transfer system, 27:19 
Royalties, 3:18, 21, 35; 27:8, 13-6 
Royalty tax credit program, Alberta, 26:36-7; 27:15 
See also Oil and oil products—Exploration and 
development—Insurance tax 
Terra Nova oilfield, Petro-Canada Inc. operations, 
production, 25:33-5 
Transporting, 7:28-30 
Costs, reducing, 26:19-20 
United States 
Imports, 3:11; 11:21-2 
Prices, 8:7-8 
Production, 26:8 
Security of supply, 11:15-6, 22-3; 21:18; 25:32 
Supplies, 8:13-4; 9:22, 25; 11:32-3; 21:17-8 
See also Oil and oil products—Policy 
Upgrader projects 
Constructing, proposals, projected operations, 7:10; 12:20-1 
Economic feasibility, 12:16-9; 14:17; 49:14-5, 17-8 
Financing, 4:10 
Husky Oil Ltd. megaproject, Lloydminster, Alta. 
Federal assistance, announcement, 49:14, 16 
Federal-provincial negotiations, 14:38; 44:17-8 
Petroleum Incentives Program, eligibility, 44:13-4 
Production capacity, projected commercial operation, 
4:10, 13-4; 5:34-5; 14:38 
Imperial Oil Ltd., Cold Lake, Alta. project, development, 
strategy, etc., 12:16-21 
NewGrade Energy Inc. heavy oil project, Regina, Sask., 
proposal, 4:5-6, 9, 12, 14 
Capacity, 5:35 
Constructing, government loans for study, preliminary 
construction, 4:5-8, 11-2, 14-6; 19:11-4, 26-30 
Costs, 4:16; 5:35 
Equipment purchase, 19:12 
Financing, 4:10-1, 14; 19:13-4, 26 
Use, 7:8; 18:6, 11 
World price, 5:5; 8:10; 14:16; 44:6 
Control, 11:10-2, 30-1; 13:8 
Domestic prices, effect, 12:12, 15; 14:4 
Establishing, encouraging investment, conservation, etc., 
11:14 
Factors, 11:6-8, 29-30; 26:9 
Inflation, impact, 26:9 
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Oil and oil products—Cont. 
World price—Cont. 
International Energy Agency role, 19:27-8 


Middle East, role, position, 11:6-13, 18, 28-9; 12:22-3, 31-3 

Projections, impact, 7:6-7, 18; 11:5; 12:5, 8, 14, 22; 13:40-1 
World supplies, 9:20, 36-7; 12:7-8 

Capacity, production, 11:7; 13:40-1 

Market, 7:24; 8:10; 12:7 

Projections, 12:6, 9; 13:8; 44:6 

Security of supply, 12:6; 13:8 

Sources, 12:6-9, 28, 32 


See also Gasoline; International Energy Agency—Member 
countries, Commitments; Renewable energy resources; 
Uranium—Cost 


Oil industry 
Capital spending, 26:11 
Cashflow, 27:4-5 
Committee study, 26:6-38; 27:4-42 
Market, controlling, 3:19-20; 27:12-3 
Operating costs, 26:13 
Ownership, 27:23-4 
Revenues, 26:10-1, 13 


Oil sands see Oil and oil products—Athabasca—Research and 
development 


Oil: Scarcity or Security? see Reports to House—Eighth 


O’Neil, Lawrence I. (PC—Cape Breton Highlands—Canso) 
Coal, 15:26-7 
Developing countries, 22:21-2 


Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 1$:24, 26-7 

Mining industry, 15:27 
Committee study, 16:19-20, 24-5, 30 

Oil and oil products, reserves and resources, Committee 
study, 5:28-30; 13:29-33 

Order in Council appointments, Committee study, 1:11 


Petro-Canada International Assistance Corporation estimates, 
1987-1988, main, 22:19-23 


Potash industry, 15:24, 26 
Procedure and Committee business, organization meeting, 
1:6-7 
O’Neill, Paul (Atomic Energy of Canada Limited) 
Atomic Energy of Canada Limited estimates, 1987-1988, 
main, 24:3, 29 
Ontario 
Energy Ministry see Electricity—Conservation 


See also Atomic energy—CANDU reactors, Numbers— 
Reliance; Coal—Deposits; Electricity; Energy resources; 
Mining industry—Investment flow-through shares; 
Uranium—Resources 


Ontario Energy Select Committee see Atomic energy— 
Expansion 


Ontario Hydro 
Revenues, long-term debt, 47:42-3 


Ontario Hydro—Cont. 
Role, 38:5 
See also Atomic energy—CANDU reactors, Development; 
Biomass energy—Markets; Coal—Exports; Electricity— 
Demand, Forecasting—Supply/demand—Utilities, 
Financial; Energy resources; Hydro power; Uranium; 
Witnesses 


Ontario Nuclear Safety Review see Atomic energy—CANDU 
reactors, Hare report; Witnesses 


OPEC see Organization of Petroleum Exporting Countries 


Order in Council appointments 
Appointees, background, 1:9 
Committee study, 1:8-14 
M., 1:10, 12, 14, agreed to, 4 
Report to House, 1:4, agreed to 
Committee studying, obtaining background information, 
government departments, agencies co-operation, 1:14 
See also Atomic Energy Control Board; Atomic Energy of 
Canada Limited; Canada Lands Survey; Energy, Mines 
and Resources Department; National Energy Board; 
Orders of Reference; Petro-Canada Inc.; Reports to 
House 


Orders of Reference 
Atomic Energy of Canada Limited 
Corporate Plan and Budget, 1987-1988, 23:3 
Order in Council appointments, 9:3 
Canada Lands Surveys, Order in Council appointment, 
Board of Examiners member Timothy Edward Koepke, 
14:3 
Canada-Newfoundland Offshore Petroleum Board Annual 
Report and Auditor’s Report, 1986-1987, 25:3 
Canada-Nova Scotia offshore revenue sharing equalization 
offshore payments and Development Fund Report, 
1985-1986, 19:3 
Canada Oil and Gas Lands Administration Annual Report, 
1986, 25:3 
Canertech Inc., dissolution, Order in Council P.C. 1986-2311, 
2:3 
Committee membership, 2:3; 29:3; 34:3 
Crude Oil and Oil Product Export Charges Annual Report, 
1985-1986, 2:3 
Energy, Mines and Resources Department estimates 
1986-1987, supplementary (A), 3:3 
1987-1988 
Main, 11:3 
Supplementary (C), 34:3 
1988-1989, main, 43:3 
National Energy Board 
Certificate of nomination, Vice-Chairman, Jean-Guy 
Fredette, 29:4 
Order in Council appointment, member Ralph Byron 
Horner, 5:3 
Order in Council appointment, temporary member 
Claude Senneville, 14:3 
Order in Council appointments, 1:3; 25:3; 26:3; 38:3 
Petro-Canada Inc. 
Amended Capital Budget, 1987, 26:3; 29:3 
Annual Report and Auditors Report, 1986, 14:3 
Corporate Plan, 1987-1991 and Capital Budget, 1987, 12:3 
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Orders of Reference—Cont. 
Petro-Canada Inc.—Cont. 


Order in Council appointment, Director William 
W. Siebens, 5:3 


Petro-Canada International Assistance Corporation 
Annual Report and Auditor’s Report, 1986, 23:3 


Corporate Plan, 1987-1992, and Operating Budget, 
1987-1988, 23:3 


Petroleum Compensation, Revenues and Expenditures, 
Annual Report, 1985-1986, 2:3 


Organization meeting see Procedure and Committee business 


Organization of Petroleum Exporting Countries see 
International Energy Agency; Oil and oil products 


Organizations appearing see Witnesses 


Orr, Ken (Western Gas Marketing Limited) 


Oil and oil products, reserves and resources, Committee 
study, 6:23, 30, 34-6, 39-41, 45, 47-8, 52, 56 


Oulton, David (Energy, Mines and Resources Department) 
Energy Program estimates, 1987-1988, main, 19:4, 21-2 


Oil and oil products, reserves and resources, Committee 
study, 9:4, 17-8, 24-8, 34, 38-9 


Paré, Fernand (Atomic Energy of Canada Limited) 


Atomic Energy of Canada Limited estimates, 1987-1988, 
supplementary (C), 35:3, 8-10, 15-21 


Paris Club see Atomic energy—CANDU reactors, Sales 


Parks see Mining industry—Exploration and development, 
Access 


Parliament see Atomic Energy Control Board—Annual reports 


Parr, David (Energy, Mines and Resources Department) 


Energy Program estimates, 1986-1987, supplementary (A), 
4:3, 12, 15 


Parry, John (NDP—Kenora—Rainy River) 
Atomic energy, Committee study, 29:13, 15-6, 26-7; 31:18-21; 
33:18-21; 38:9-11 
Atomic Energy of Canada Limited, Order in Council 
appointments, Committee study, 14:8-9, 11-2 
Biomass energy, 18:28 
Coal, 46:20-1 
Electricity, 31:18-21; 38:10-1 
Fuel, 46:20 
Mineral resources, 46:21, 31 
Minerals and Earth Sciences Program estimates, 1988-1989, 
main, 46:18-22, 31 
Mines, 46:22 
Mining industry, 46:18-9 
Oil and oil products, reserves and resources, Committee 
study, 18:15-8, 27-8 
Procedure and Committee business 
Briefs, 29:13 
Information, 29:27 
Questioning of witnesses, 31:18-9; 38:9 
Renewable energy resources, 18:15, 17-8 
Solar energy, 18:15, 27-8 


Parsons, Robert (Prospectors and Developers Association of 
Canada) 
Mining industry, Committee study, 16:3, 6-9, 11-3, 23-4, 
27-30; 27:3, 31-7, 39-40 
Oil industry, Committee study, 27:3, 31-7, 39-40 


Passmore Associates International see Witnesses 


Passmore, Jeff (Solar Energy Society of Canada Inc.; Passmore 
Associates International) 
Atomic energy, Committee study, 39:4-6, 10-21, 23-4, 27-39, 
41, 44-5 
Oil and oil products, reserves and resources, Committee 
study, 18:3, 8-10, 13-7, 19-21, 24, 28-30, 32-6, 40-1 


Peat see Electricity—Supply, Coal 
Pennzoil see Texaco Canada Resources 


Perron, Dr. Pierre (Energy, Mines and Resources Department) 

Energy, Mines and Resources Department estimates, 
1987-1988, supplementary (C), 36:3-4, 6-12, 14-9 

Minerals and Earth Sciences Program estimates 
1987-1988, main, 15:3, 14-5, 19-23, 26-30, 34-7; 17:4, 6-23, 

25-7, 29-30, 32-5, 37 

1988-1989, main, 46:4, 12-5, 18-9, 22-31 

Mining industry, Committee study, 23:4, 7-11, 36, 42 

Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:5, 12-3, 15-7, 23-4, 28-9 


Peterson, Robert B. (Imperial Oil Limited) 


Oil and oil products, reserves and resources, Committee 
study, 12:4-37 


Petro-Canada Inc. 
Amended Capital Budget, 1987 see Orders of Reference 
Annual Report and Auditors’ Report, 1986, 25:9-35 
Capital requirements, 25:18 
Consultants, 14:27 
Corporate Plan, 1987-1991 and Capital Budget, 1987 see 
Orders of Reference 
Gulf Canada Ltd. acquisition, 25:30 
Insurance, brokers, determining, 25:11-3, 27-8 
Office space, marketing, vacancy rate, 25:30-1 
Order in Council appointment, Director William 
W. Siebens, Committee study 
M., 6:22, agreed to 
Report to House, 6:22, agreed to 
See also Orders of Reference; Reports to House—Third 
Privatization, 25:16-8 
Public policy role, 12:24-5 
Research and development, funding, 25:13-4, 28-9 
Retail outlets, 25:23-4 
Revenues, cash flow, 25:10 
Smoking, restricting, government policy, application, 14:27 
Staff, francophone representation, 25:21; 44:16-7 
Sulphur marketing agency, Petrosul International Ltd., 
exports to South Africa, government position, 25:16 
See also Appendices; Canada Centre for Mineral and Energy 
Technology—Research and development; Developing 
countries—Petro-Canada International Assistance 
Corporation, Drilling contracts; Dome Petroleum Ltd.; 
Oil and gas exploration; Oil and oil products— 
Refineries—Terra Nova; Petro-Canada International 
Assistance Corporation; Witnesses 
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Petro-Canada International Assistance Corporation 


Annual Report and Auditor’s Report, 1986 see Orders of 
Reference 
Board of directors, composition, 22:4 
Canadian International Development Agency, role, 
relationship, 22:6, 8, 18-9, 25 
Corporate plan 
Preparation, approval, distribution, etc., 22:5-6, 24-5 
1987-1992, and Operating Budget, 1987-1988 see Orders of 
Reference 
Energy, Mines and Resources Department/External Affairs 
Department, relationship, 22:6 
Establishment, background, 22:4 
Estimates, 1987-1988, main, 22:4-26 
Expenditures, funding, 22:13-4, 18, 21 
Mandate, 22:4, 8 
Petro-Canada Inc., relationship, 22:4, 12, 18-21, 26 
Staff, management, government departments, liaison, 22:5 
See also Developing countries; Witnesses 


Petroleum and Gas Revenue Tax 
Abolition, 26:12 


Petroleum Compensation, Revenues and Expenditures, Annual 
Report, 1985-1986 see Orders of Reference 


Petroleum Incentives Program see Oil and oil products 
Petroleum Incentives Program II see Oil and oil products 
Petroleum industry see Oil industry 


Petroleum Products Allocation Program see Oil and oil 
products 


Petrosul International Ltd. see Petro-Canada Inc.—Sulphur 
PGRT see Petroleum and Gas Revenue Tax 
Photovoltaics see Solar energy 


Pickering, Ont. see Atomic energy—CANDU reactors, Pressure 
tubes 


Pipelines see Coal—Slurry; Gas pipelines; Oil and oil products 


Pointe Lepreau, N.B. see Atomic energy—CANDU reactors— 
Waste management 


Polar Continental Shelf Project 
Objectives, 46:6 


Polar Gas Project see Gas pipelines; Witnesses 
Polls see Public opinion polls 
Port Hope, Ont. see Atomic energy—Waste management 


Porter, Bob (PC—Medicine Hat) 
Atomic energy, 4:29-30; 20:18; 24:14, 16; 45:7-11 
Committee study, 31:28-9; 32:12-4, 23; 33:25-9; 34:17-21, 
36; 39:26-7; 40:23-4, 34-7; 41:18, 23, 27, 32, 38-9; 
42:23-5; 47:13-4, 29 
Atomic Energy Control Board, 32:14, 16 
Estimates 
1987-1988, main, 20:16-8 
1988-1989, main, 43:34-8 
Atomic Energy of Canada Limited estimates 
1986-1987, supplementary (A), 4:29-30, 39 


Porter, Bob—Cont. 
Atomic Energy of Canada Limited estimates—Cont. 
1987-1988 
Main, 24:14-6, 18, 24 
Supplementary (C), 35:15 
1988-1989, main, 45:7-11, 25-6 
Coal, 1$:12-4; 42:23-5 
Electricity, 31:28-9; 34:21; 39:26-7; 40:23, 35-6; 41:18, 23, 27, 
32, 38-9; 42:25 
Energy, Mines and Resources Department estimates, 
1987-1988 
Main, 14:24-5 
Supplementary (C), 36:12 
Energy Probe, 33:29 
Energy Program estimates, 1986-1987, supplementary (A), 
4:14-5 
Fuel, 7:22 
Gas, 3:26-7; 6:51; 7:22; 8:22-4; 13:37; 14:25 
Gas pipelines, 6:49-50; 8:23-5 
Gasoline, 25:22-5 
International Energy Agency, 9:18-21, 32-3 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 15:12, 14-6, 30-1 
Mining industry, 15:30-1 
Committee study, 23:41; 26:21-2, 34-5; 27:15-8, 39-41 
National Energy Board, estimates, 1988-1989, main, 43:10-4, 
19-20 
Oil and gas industry, 26:21-2, 34; 36:12 
Oil and oil products, 4:14; 27:15-8 
Reserves and resources, Committee study, 3:26-7; 5:26-8; 
6:49-51; 7:21-2; 8:9, 22-5; 9:18-21, 32-3; 11:17, 
19-20, 28-9; 13:18-20, 22, 36-7; 18:22-4 
Oil industry, Committee study, 26:21-2, 34-5; 27:15-8, 39-41 
Petro-Canada Inc. Annual Report and Auditors’ Report, 
1986, 25:22-5 
Renewable energy resources, 18:22-3 
Small Explorers and Producers Association of Canada, 
26:34-5 
Uranium, 34:21 
Wind energy, 18:22 


Potash industry 
Canada-United States trade 
Anti-dumping petition, 15:24-6; 46:16-7 
Free trade agreement, impact, 46:16-7 
New Brunswick 
Deposits, 23:44-5 
Employment, 15:26 


Potter, Richard (Nova Scotia Mines and Minerals Department) 
Mining industry, Committee study, 23:4, 44 


Power, Mayor Victor (Timmins, Ontario) 
Mining industry, Committee study, 23:4, 33-4 


Poyen, Jock (Independent Petroleum Association of Canada) 
Mining industry, Committee study, 26:5, 16, 19, 21-2, 24, 28 
Oil industry, Committee study, 26:5, 16, 19, 21-2, 24, 28 


Pressure tubes see Atomic energy—CANDU reactors—Nuclear 
Power Demonstration decommissioning, Timeliness 


Price-Anderson Act see Atomic energy—United States, 
Legislation 
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Price, Art (Husky Oil Ltd.) 
Oil and oil products, reserves and resources, Committee 
study, 5:4-40 


Price, Ray (Energy, Mines and Resources Department) 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 17:4, 20-1, 30-2 


Priddle, Roland (National Energy Board) 
Atomic energy, Committee study, 31:3-9, 16-20, 24-7, 31 
National Energy Board estimates 
1987-1988, main, 21:3-27 
1988-1989, main, 43:4-15, 17-23 
Oil and oil products, reserves and resources, Committee 
study, 7:3, 5-6, 16-7, 20-1, 23, 26, 34 


Privatization see Atomic Energy of Canada Limited— 
Radiochemical and Medical Products Division; Canada 
Centre for Mineral and Energy Technology; Energy, Mines 
and Resources Department—Surveys and Mapping Branch; 
Petro-Canada Inc. 


Privilege see Procedure and Committee business; Reports to 
House—Sixth 


Procedure and Committee business 
Acting Chairman, taking chair, 36:15 
Agenda, 7:3, agreed to 
Agenda and procedure subcommittee, full Committee 
meeting in camera in lieu of, 1:7-8 
Briefs 
Appending to minutes and evidence, 45:4, agreed to, 3 
M. (Waddell), 25:9, agreed to, 8 
M. (Gagnon), 34:7, agreed to, 4 
Distribution, delayed, 29:8, 13, 36 
Budget 
1987-1988, approval, 13:3, agreed to 
1988-1989, approval, 39:3, agreed to 
Business meeting, 3:30-3 
Chairman, election, Ms. (Gagnon), 1:5, agreed to, 3; 29:7, 
agreed to, 5 
Documents, requesting, 39:33 
Estimates, scheduling, 3:31-2 
In camera meetings, 1:4, 8, 14; 2:5; 4:3; 6:21-2; 7:3; 14:5, 12; 
20:4; 25:5-8; 26:4-5; 29:5-6; 39:3-4; 42:3-4; 47:3-4- 
48: 187 
Information 
Providing, 29:19; 30:19; 41:5; 45:30-1, 35-6 
Requesting, 29:27, 33-4; 30:23-4; 32:16, 21, 29; 33:25, 31-2; 
36:16; 44:20, 34 
Meetings, scheduling, 45:30, 36 
Members, appearing as witnesses, 23:29-30, 37-8 
Organization meetings, 1:5-8; 29:7 
Printing minutes and evidence, 1:5-6 
M. (Foster), 1:6, agreed to 
M. (MacDougall), 1:8, agreed to, 4 
M. (Hawkes), 3:30-1, agreed to, 4 
Privilege, Committee in camera meeting proceedings, leak to 
media, reporting to House, 20:3 
Questioning of witnesses 
Departmental officials, 44:27 
Relevance, 31:18-9 
Replies, deferring, 29:31, 36; 31:18-20; 34:24-5; 35:11, 19; 
36:9; 37:26, 35; 38:9; 46:30 


Procedure and Committee business—Cont. 


Questioning of witnesses—Cont. 
Rotation by party, time limit, 1:7 
M. (Gagnon), 1:7, agreed to, 3 
Quorum, meeting and receiving/printing evidence without, 
provided three members present, 1:6-7 
M. (Gagnon), 1:7, agreed to, 3 
Reports to House 
First, M., 10:4, agreed to 
Second 
Draft, 6:22, agreed to 
M., 6:22, agreed to 
Third, M., 6:22, agreed to 
Fourth M., 14:5, agreed to 
Fifth, M., 17:4, agreed to 
Sixth, draft, 20:4, agreed to 
Seventh, M., 25:9, agreed to, 5 
Eighth, draft, 26:4, agreed to 
Consideration during summer adjournment, 26:4, 
agreed to 
Ninth, M., 46:33, agreed to, 4 
Tenth 
Draft, 48:187, agreed to 
Editor, French version, hiring, 48:187, agreed to 
M., 48:187, agreed to 
During summer adjournment, 25:8, agreed to 
Ordered, 26:4 
Slide presentation, 5:6; 7:5; 8:5; 26:7; 29:8-12; 31:9-14; 32:5-11; 
38:5-9, 11-36; 41:9-30; 42:6-17 
Requesting, 30:28 
Slides, copies, requesting, 26:15 
Staff, consultants, retaining, 14:5, agreed to; 42:3, agreed to 
M. (Gagnon), 1:8, agreed to, 4 
Travel, 7:3, agreed to; 13:3, agreed to; 25:5, 7, agreed to; 29:5, 
agreed to; 39:3-4, agreed to 
Vice-Chairman 
Election 
M. (Gagnon), 1:5, agreed to, 3 
M. (Minaker), 29:7, agreed to, 5 
Taking chair, 7:30, agreed to, 3 
Votes in House, meeting adjourning, 31:28; 43:42 
Witnesses 
Expenses, Committee paying, M. (Gagnon), 1:7, agreed to, 
3 
Inviting, 3:32; 7:34-5, agreed to, 4; 13:3, agreed to; 19:25-6; 
25:5, agreed to; 26:4-5, agreed to 
M. (MacLellan), 3:22, agreed to, 4 
M., 17:4, agreed to 
Rescinding, 19:4, agreed to 
Reappearing, 30:27, 29; 38:51 


Procurement see Atomic Energy Control Board—Jurisdiction; 
Uranium—Ontario Hydro 


Propane see Gasoline 
Prospectors see Mining industry—Taxation 


Prospectors and Developers Association of Canada 
Operations, membership, 16:4; 23:19 
See also Witnesses 
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Provinces see Coal—Consumption; Electricity—Exports— 
Production—Supply, Breakdown; Energy resources— 
Jurisdiction; Hydro power—Resources; names of individual 
provinces 


Public opinion polls see Atomic energy—Public attitudes, 
Evolution 


Public Utilities Board see Electricity—Independent producers, 
Alberta; Gas—Supplies, Alberta 


Public Utility Regulatory Policies Act see Electricity—United 
States 


Publications see Energy, Mines and Resources Department— 
Information 


Quebec see Atomic energy—Waste management, Repository; 
Energy resources—Development; Hydro power; Mining 
industry—Investment flow-through shares 


Quebec Mineral Agreement see Mining industry—Equipment 


Radar 
Ground system, role, expenditures, 15:34-5 


RADARSAT 
Background, 36:9 
Expenditures, 15:35; 36:9-10 
Future, 14:35-6 
Ground stations, 36:10 


Radiation see Atomic energy—Safety, Employees 


Radiochemical and Medical Products Division see Atomic 
Energy of Canada Limited 


Rao, Kris see Atomic Energy of Canada Limited—Order in 
Council appointments 


Ratuski, Mike (Canadian Petroleum Association) 
Mining industry, Committee study, 27:3, 17, 19-20 
Oil industry, Committee study, 27:3, 17, 19-20 


Read, Wallace (Canadian Electrical Association) 
Atomic energy, Committee study, 37:3-36 


Refineries see Oil and oil products 
Refrigerators see Electricity—Conservation, Home appliances 


Regina, Sask. see Oil and oil products—Upgrader projects, 
NewGrade Energy Inc. 


Regional Industrial Expansion Department see Mining industry 


Renewable energy resources 

Companies, activities, 18:21 

Conventional energy resources 
Displacing, projections, 18:23 
Diversifying in to renewable fields, 18:18 
Funding, grants, sales, 18:5, 15, 17 
Strategy, competition, 18:11, 36-41 
Taxation, 18:10, 22-3 

Employment, 18:5 

Energy contribution, 18:5-6, 11, 23-4 

Exports, 18:34-5 

Funding, 36:13 
See also Renewable energy resources—Conventional 

Gas, subsidies, competition, 18:36-7 

Government/public interest, 18:5 


Renewable energy resources—Cont. 
National Research Council program, cancellation, impact, 
18:25-7 
Oil 
Price, relationship, 18:9, 24-5 
Supplies, effects, 18:10, 35-6, 38-9 
Production, costs, 18:8-9, 14-5 
Research and development, 18:18-9, 26-7 
Technical advancement, application, impact, 18:34-5 
See also Biomass energy; Electricity—Supply; Solar energy; 
Wind energy 


Reports to House 

First, Order in Council appointments, 2:4 

Second, Task Force on Program Review (Nielsen), Minerals 
section, 6:3-19 

Third, National Energy Board Order in Council 
appointment, Member Ralph Byron Horner and Petro- 
Canada Inc. Order in Council appointment, Director 
William W. Siebens, 6:20 

Fourth, Atomic Energy of Canada Limited, Order in 
Council appointments, 14:4 

Fifth, Order in Council appointments, 17:3 

Sixth, Committee in camera meeting proceedings, leak to 
media, question of privilege involved, 20:3 

Seventh, Energy, Mines and Resources Department 
estimates, 1987-1988, main, 25:4 

Eighth, Oil: Scarcity or Security?, 28:1-121 

Ninth, Energy, Mines and Resources Department estimates, 
1988-1989, main, 46:3 

Tenth, Nuclear Energy: Unmasking the Mystery, 48:1-200 


Research see Alternate energy; Atomic energy; Atomic Energy 
of Canada Limited; Earthquakes; Electricity—Conservation; 
Fuel 


Research and development see Atomic energy; Canada Centre 
for Mineral and Energy Technology; Coal; Electricity— 
Conservation, Home appliances; Energy resources; Mining 
industry; Oil and oil products; Petro-Canada Inc.; 
Renewable energy resources 


Retail industry see Petro-Canada Inc. 
Rio Algom see Tin mines 


Robichaud, Fernand (L—Westmorland—Kent) 
Atomic energy, Committee study, 33:14-5, 31 
Procedure and Committee business, information, 33:31 


Rompkey, Hon. William (L—Grand Falls—White Bay— 
Labrador) 
Atomic energy, Committee study, 31:15-9, 27-8 
Procedure and Committee business, questioning of witnesses, 
31:18-9 


Rosinger, Eva (Atomic Energy of Canada Limited) 
Atomic Energy of Canada Limited estimates, 1988-1989, 
main, 45:3, 18-21, 23-4 


Rothman, Mitch (Ontario Hydro) 
Atomic energy, Committee study, 38:4, 11-5, 46 


Royalties see Oil and oil products—Taxation; Texaco Canada 
Resources—Revenue 


Rubin, Norm (Energy Probe) 
Atomic energy, Committee study, 33:3-36 
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R-2000 Home Program see Housing 


Safety see Atomic energy; Gas pipelines; Mines; Solar energy— 
Atomic energy 


St. Julien, Guy (PC—Abitibi) 
Atomic Energy of Canada Limited estimates, 1987-1988, 
supplementary (C), 35:9-11 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:13-5 


Saponja, Walter (Trans-Alta Utilities Corporation) 
Atomic energy, Committee study, 42:4-11, 17-23, 25-33 


Sarnia, Ont. see Oil and oil products—Pipelines 
Saskatchewan see Coal—Deposits; Uranium—Resources 
Saskatchewan Mining Association Inc. see Witnesses 
Saudi Arabia see Oil and oil products—Reserves 


Savage, Ellen (Committee Clerk) 


Procedure and Committee business, organization meeting, 
29:7 


Scarborough, Ont. see Atomic energy—Waste management 


Schellenberger, Stan (PC—Wetaskiwin; Parliamentary Secretary 
to Minister of Indian Affairs and Northern Development) 
Energy Program estimates, 1986-1987, supplementary (A), 
4:8, 10-4 
Oil and oil products, 4:10-4 


Schuler, Henry M. (Individual presentation) 
Oil and oil products, reserves and resources, Committee 
study, 11:4-33 


Scientists/scientific community see Atomic energy—Public 
attitudes; Energy, Mines and Resources Department 


Segal, Mark (National Energy Board) 
Atomic energy, Committee study, 31:3, 9-10, 20-2, 27-8 
Oil and oil products, reserves and resources, Committee 
study, 7:3, 25-6, 29-30 


Senneville, Claude see National Energy Board—Order in 
Council appointments 
Service sector see Oil and gas industry 


Sherbrooke, Que. see Energy, Mines and Resources 
Department—Surveys and Mapping Branch, Relocation 
Shields, Jack, (PC—Athabasca) 
Oil and oil products, reserves and resources, Committee 
study, 5:21, 30-3, 37-40 


Siebens, William W. see Petro-Canada Inc.—Order in Council 
appointments 


Silver 
Arsenic content, processing, 2:24-5 


Single-industry towns see Mines 


Sirkis, Ron (Independent Petroleum Association of Canada) 
Mining industry, Committee study, 26:5, 16-20, 22-3, 27-8 
Oil industry, Committee study, 26:5, 16-20, 22-3, 27-8 


Siting Process Task Force see Atomic energy—Waste 
management 


Skelly, Ray (NDP—Comox—Powell River) 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:12-3, 25-7 


Skinner, Robert (Energy, Mines and Resources Department) 


Energy, Mines and Resources Department estimates, 
1987-1988, main, 14:6, 26, 45-6 


Slowpoke reactors see Atomic energy 
Slurry pipelines see Coal 


Small Explorers and Producers Association of Canada 
Role, representation, membership, 26:29, 34-5 
See also Witnesses 


Smelters see Acid rain 
Smoking see Petro-Canada Inc. 


Smythe, W. David (Atomic Energy Control Board) 
Atomic energy, Committee study, 32:3, 16, 18, 22-7 
Atomic Energy Control Board estimates 

1987-1988, main, 20:15-6 
1988-1989, main, 43:4, 36-7, 40-1 


Snelson, Ken (Ontario Hydro) 
Atomic energy, Committee study, 38:4, 10, 15-6, 33, 37-42, 45 


Snyder, Richard (Tennessee Gas Transmission) 
Oil and oil products, reserves and resources, Committee 
study, 8:7-19, 24, 26-7, 33-4 


Soil see Atomic energy—Waste management, Scarborough, Ont. 


Solar energy 
Atomic energy, comparison, environmental, safety concerns, 
18:27-8 
Method, application, 18:6-7, 30-1 
Photovoltaics systems, application, etc., 18:7, 12-7, 29, 31 


Solar Energy Society of Canada Inc. 
Establishment, objectives, 18:4 
See also Witnesses 


Sorenson, Richard (Energy, Mines and Resources Department) 
Energy Program estimates, 1986-1987, supplementary (A), 
4:10-1 


South Africa see Petro-Canada Inc.—Sulphur 


Space 
European Space Agency, operations, membership, 17:27-9 
Program, Energy, Mines and Resources Department funding, 
46:31 


Sparrow, Barbara (PC—Calgary South; Chairman) 
Amoco Corporation, 25:18-9 
Asbestos industry, 17:35-6 
Atomic energy, 20:8, 22-3; 24:19-24, 29; 45:7, 10, 22, 25-9 
Committee study, 29:12-3, 20-1, 23-5, 31-4, 36; 30:8, 12, 20, 
25-8; 31:11, 15, 26; 32:11-2, 21-5, 29; 33:17, 30-4; 34:10, 
13, 15, 30; 37:17, 19, 23, 25-6, 29-31, 33-5; 38:6, 15, 21, 
32-3, 39-40, 42-6; 39:14-5, 24-5, 30, 37, 39-40, 45; 40:6, 
9, 11, 14-7, 20-1, 25, 28, 30-2, 37-8, 40; 41:11, 14, 23, 26, 
31-2, 35-6, 39, 41-2; 42:14, 17-8, 20-1, 23, 25-6, 29; 
47:8-10, 20-1, 33, 35, 37-8, 42-4 
Atomic Energy Control Board, 1:10; 47:8-9, 21 
Estimates, 1987-1988, main, 20:8, 22-3, 28 
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Sparrow, Barbara—Cont. 
Atomic Energy of Canada Limited, 1:9-10 
Estimates 
1986-1987, supplementary (A), 4:21, 32-3, 35, 38-9 
1987-1988 
Main, 24:18-24, 29 
Supplementary (C), 35:6, 15-6, 18-9 
1988-1989, main, 45:10, 16-7, 22-3, 25-8, 35 
Order in Council appointments, Committee study, 14:8, 
10 
Coal, 29:31; 38:46; 40:6; 46:28-9 
Resources, Committee study, 10:18-9 
Committee, 23:5; 30:28; 34:39; 40:28; 45:4, 7 
Developing countries, 22:11-2 
Dome Petroleum Ltd., 19:8 


Electricity, 31:11, 13, 15, 26; 33:30-1; 37:23, 25-6, 29-31, 33, 35; 


38:15, 33, 42-6; 39:14-5, 30, 32, 37, 39-40; 40:9, 15, 17, 
37-8; 41:11, 14, 23, 26, 31-2, 35-6, 39, 41; 43:14 
Energy, Mines and Resources Department, 1:13-4; 15:33; 
17:19-20; 46:23, 25 
Estimates 
1987-1988 
Main, 14:27, 36-7, 43-5 
Supplementary (C), 36:4, 11-2 
1988-1989, main, 44:11, 19-20, 24, 27-8, 30-1, 33 
Energy policy, developing, Energy Options: A Canadian 
Dialogue consultation process, report, Energy and 
Canadians: Into the 21st Century, Committee study, 
49:10 
Energy Program estimates 
1986-1987, supplementary (A), 4:6, 15-6 
1987-1988, Main, 19:10-5, 20-3, 28-30 
Energy resources, 8:10-1, 26; 19:20; 21:16; 33:33-4; 38:6 
Gas, 6:33, 36-7, 50; 7:15-6; 8:8, 10-1, 13-5, 26-7; 21:14; 25:35; 
26:9, 24-5; 27:6-7; 43:20-1; 44:27-8 
Gas pipelines, 8:25-6, 33; 14:45; 19:15; 21:27 
Gasoline, 18:36; 25:25-6 
Geological Survey of Canada, 46:23 
Hospitals, 32:23-4 
Hydro power, 38:32 
International Atomic Energy Agency, 20:28 
International Energy Agency, 9:15-6, 21-2, 33; 19:20-1 
Minerals and Earth Sciences Program estimates 
1987-1988, main, 15:15, 21-2, 33, 35; 17:12-3, 19, 28, 35-6 
1988-1989, main, 46:11-2, 23, 25, 28-9 
Mining industry, 2:11, 27-9; 15:21-2; 17:7, 10-3; 46:11-2 
Committee study, 16:23-4; 23:5-6, 38, 43, 46, 48-9; 26:5-6, 
8-9, 11-2, 14-6, 20, 23-9, 34-7; 27:4, 6-7, 10-1, 19-22, 25, 
39-40, 42 
National Energy Board, 1:11-2 
Estimates 
1987-1988, main, 21:8, 14, 16, 18, 20-2, 27 
1988-1989, main, 43:14-6, 20-3 
North Atlantic Treaty Organization, 19:22 
Oil and gas exploration, 19:22-3 
Oil and gas industry, 14:27-8; 19:6, 10-1; 26:6, 15-6, 20, 23-4, 
26-7, 31-2, 34-7; 27:20; 36:4, 12; 44:11, 24; 46:11-2 


Sparrow, Barbara—Cont. 


Oil and oil products, 4:15-6; 14:37; 19:11-4, 21-2, 28-9; 25:22, 
31-2; 26:6, 8, 36; 27:6, 10-1, 19-22; 43:8 
Reserves and resources, Committee study, 3:11, 30; 5:7, 
10-2, 16-7, 20-1, 25, 30; 6:33, 36-7, 50; 7:9, 15,17, 28, 
30; 8:8-11, 13-5, 25-7, 32-3; 9:10, 14-6, 18, 21-2, 24-5, 
27, 32-4, 38; 11:14, 21-2, 28, 30; 12:13-4, 23, 27-8; 13:13, 
22-5, 33-5; 18:18-9, 34, 40; 22:29 
Oil industry, Committee study, 26:5-6, 8-9, 11-2, 14-6, 20, 
23-9, 34-7; 27:4, 6-7, 10-1, 19-22, 25, 39-40, 42 
Ontario Hydro, 47:42 
Order in Council appointments, Committee study, 1:9-14 
Petro-Canada Inc. Annual Report and Auditors’ Report, 
1986, 25:18-9, 22, 25-6, 31-2, 35 
Petro-Canada International Assistance Corporation estimates, 
1987-1988, main, 22:5-6, 11-2, 18-21 
Procedure and Committee business 
Acting Chairman, taking chair, 36:15 
Agenda and procedure subcommittee, full Committee 
meeting, 1:7-8 
Briefs 
Appending to minutes and evidence, 45:4 
M. (Waddell), 25:9 
M. (Gagnon), 34:7 
Distribution, 29:36 
Business meeting, 3:30-3 
Documents, requesting, 39:33 
Estimates, scheduling, 3:31-2 
In camera meetings, 1:8, 14 
Information 
Providing, 30:19 
Requesting, 29:33; 32:16, 21, 29; 33:32; 44:20, 34 
Meetings, scheduling, 45:30, 36 
Organization meeting, 1:5-8; 29:7 
Printing minutes and evidence, 1:5-6 
M. (Hawkes), 3:30-1 
Questioning of witnesses 
Relevance, 31:18-9 
Rotation by party, 1:7 
Quorum, meeting and receiving/printing evidence 
without, 1:6-7 
M. (Gagnon), 1:7 
Slide presentations, 26:15; 30:28 
Staff, consultants, 1:8 
Vice-Chairman 
Election, M. (Gagnon), 1:5 
Taking chair, 7:30 
Votes in House, meeting adjourning, 31:28 
Witnesses 
Expenses, 1:7 
Inviting, 3:32; 19:25 
M. (MacLellan), 3:32 
Reappearing, 30:27; 38:51 
Radar, 15:35 
Renewable energy resources, 18:8-9, 24, 34, 39-40 
Space, 17:27-8 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:11, 25, 27-9 
Texaco Canada Resources, 13:22-3, 25, 33, 35 
Uranium, 15:15; 30:13; 34:15; 38:21 
Wind energy, 39:24-5 
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Stephens, Robert St. G. (National Energy Board) 


National Energy Board estimates, 1987-1988, main, 21:3, 8, 
12, 15, 22-3, 25-6 


Submarines see Defence equipment 


Sully, Ronald R. (Energy, Mines and Resources Department) 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 15:3, 32, 35; 17:4, 33, 35-6 


Sulphur see Coal; Petro-Canada Inc. 
Surrey, B.C. see Atomic energy—Waste management, Storage 


Surveying and mapping 
Federal/provincial/private sector agreements, national 
standards establishing, 46:10 


Surveys and Mapping Branch see Energy, Mines and Resources 
Department 


Sweden see Atomic energy—Phasing out; Witnesses 
Syncrude project see Oil and oil products—Athabasca oil sands 
Tailings see Mining industry; Uranium—Mining 


Tanzania see Developing countries—Petro-Canada International 
Assistance Corporation 


Taschereau, Maurice (Energy, Mines and Resources 
Department) 


Energy Program estimates, 1987-1988, main, 19:4, 18-9, 23 


Task Force on Program Review (Nielsen) 
Energy, mines and resources section, Committee studying, 
6:21, agreed to 
Mineral section, Committee study, 2:7-31 
M. (Gagnon), 2:5, agreed to 
Report recommendations, 23:5 
See also Reports to House—Second 
Minerals and metals sector, studies, recommendations, 23:8-9 
See also Canada Centre for Mineral and Energy Technology; 
Mineral resources 


Task forces see Atomic energy—Waste management, Siting; 
Energy, Mines and Resources Department—Operations 


Tax incentives see Energy resources; Oil and oil products— 
Exploration and development 


Tax reform see Mining industry; Oil and gas industry— 
Investment—Investment flow-through shares; Oil and oil 
products 


Taxation see Capital gains tax; Coal—Transporting; Electricity; 
Gas; Mining industry; Oil and gas industry—Investment— 
Investment flow-through shares; Oil and oil products; 
Renewable energy resources—Conventional; Texaco Canada 
Resources—Revenues 


Tennessee Gas Transmission see Gas pipelines—Polar Gas 
Project; Witnesses 


Terra Nova see Oil and oil products 


Texaco Canada Resources 
Operations, production, 13:6, 33-6, 38-40 
Pennzoil, relationship, 13:21-2 
Revenues, taxes, royalties, 13:5-6, 23-5, 33-4 
See also Oil and gas exploration; Oil and oil products— 
Offshore, Georges bank; Witnesses 


Thermal coal see Coal 


Thexton, Ted (Energy, Mines and Resources Department) 
Atomic energy, Committee study, 29:6, 14-21, 31; 42:3 


Third World see Developing countries 


Thompson, Terry (New Brunswick Electric Power 
Commission) 
Atomic energy, Committee study, 40:3-20, 22-40 


Thomson, John (Independent Petroleum Association of Canada) 
Mining industry, Committee study, 26:5, 20-3, 27 
Oil industry, Committee study, 26:5, 20-3, 27 


Timmins, Ont. see Witnesses 


Tin mines 
Rio Algom mine, Yarmouth, N.S., future, 17:32-3 


Todd, Murray (Independent Petroleum Association of Canada) 
Mining industry, Committee study, 26:5-15, 20, 24-6 
Oil industry, Committee study, 26:5-15, 20, 24-6 


Tolls see Gas pipelines; Oil and oil products—Pipelines 


Torrie, Ralph (Torrie, Smith and Associates) 
Atomic energy, Committee study, 41:3-19, 32-42 


Torrie, Smith and Associates see Witnesses 


Towe, Peter (Petro-Canada International Assistance 
Corporation) 
Petro-Canada International Assistance Corporation estimates, 
1987-1988, main, 22:3-26 


Trade see Potash industry—Canada-United States 
Trans-Alta Utilities Corporation see Witnesses 


TransCanada PipeLines 
Facilities, capacities, 6:41-2 
Operations, profits, 6:24-5 
See also Witnesses 


Transportation see Atomic energy; Coal; Gas; Mining industry 


Transportation Fuel Compensation Recovery Charges 
National Energy Board audit, 21:23-4 


Transportation of dangerous goods see Mining industry 


Transportation of Dangerous Goods Act see Atomic energy— 
Transportation, Jurisdiction 


Tupper, Bill (PC—Nepean—Carleton) 

Acid rain, 14:36 

Atomic energy, Committee study, 31:23-4; 32:17-20, 25-6; 
39:33-6 

Atomic Energy Control Board, 32:18-20 

Canada Centre for Mineral and Energy Technology, 2:20-1 

Coal, 2:27 

Developing countries, 22:14-6 

Electricity, 31:24; 39:33-6 

Energy, Mines and Resources Department, 2:18-20 

Estimates, 1987-1988, main, 14:34-6, 40, 44 

Gas, 3:18 

Gas pipelines, 3:20 

Geological Survey of Canada, 2:18 

International Energy Agency, 9:16, 18, 28-9, 31 

Mining industry, Committee study, 16:10-3, 15, 26-7 


32 ENERGY, MINES AND RESOURCES 


Tupper, Bill—Cont. 

National Energy Board, 31:23-4 

Oil and oil products, reserves and resources, Committee 
study, 3:11, 18-20; 9:16-8, 28-32 

Petro-Canada International Assistance Corporation estimates, 
1987-1988, main, 22:13-6 

Procedure and Committee business, business meeting, 3:32 

RADARSAT, 14:35 

Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:18-21, 27 


Tupper, Sean (Energy, Mines and Resources Department) 
Atomic energy, Committee study, 42:3 


Turkey see Atomic energy—CANDU reactors, Sales 
Ukraine see Atomic energy—Chernobyl 


Ullsten, Ola (Sweden, Ambassador) 
Atomic energy, Committee study, 42:3 


United States see Atomic energy; Coal; Electricity; Energy 
resources; Free trade; Gas; Gas pipelines—Accessibility— 
Polar Gas Project; Oil and oil products; Potash industry— 
Canada-United States trade; Uranium—Exports to United 
States—Production 


Upgrader projects see Oil and oil products 


Uranium 
Cost, 34:15 
Gas, oil, comparison, 37:24-5 
See also Uranium—Ontario Hydro 
Energy-producing capacity, coal, comparison, 34:14 
Energy Program mandate including, 15:15-6 
Exploration and development, 38:21-2 
Exports, 30:12-3; 34:6, 38 
Free trade agreement, effects, 34:9, 21 
Markets, 34:22-3, 38 
Exports to United States, 34:23 
General Agreement on Tariffs and Trade, application, 34:27 
Mining, 23:45 
Tailings, storage, safety, 34:34-5 
See also Atomic energy—Regulating, Licensing 
Ontario Hydro 
Cost, 38:25-6 
Requirements, procurement, 38:20-1 
Supply contracts, 38:22-5 
Production, 38:21 
United States, comparison, 34:22 
Resources, 34:21-2 
Coal, comparison, 34:15 
Development, international investment, 46:29 
Distribution, 30:16; 34:22 
Fossil fuels, comparison, 13:5, 12 
Ontario, 38:22 
Saskatchewan, 46:17-8 
Waste production per pound, 34:15 
See also Atomic energy 


Utilities see Electricity 


Vancouver Island see Mineral resources—Deposits 


Veilleux, Ron (Atomic Energy of Canada Limited) 
Atomic Energy of Canada Limited estimates 
1986-1987, supplementary (A), 4:3, 25, 35 
1987-1988, supplementary (C), 35:3-21 
1988-1989, main, 45:3, 12-4 


Venezuela see Oil and oil products—Reserves 


Vollman, Ken (National Energy Board) 
Oil and oil products, reserves and resources, Committee 
study, 7:3, 23-4 


Waddell, Ian (NDP—Vancouver—Kingsway) 
Amoco Corporation, 25:15 
Atomic energy, 4:26-7, 36-40; 7:19; 14:30-2, 42 
Atomic Energy of Canada Limited estimates, 1986-1987, 
supplementary (A), 4:25-8, 36-41 
Dome Petroleum Ltd., 25:14-5, 34 
Energy, Mines and Resources Department estimates, 
1987-1988, main, 14:22-4, 30-2, 40-2, 46 
Energy Program estimates, 1986-1987, supplementary (A), 
4:9-10, 16 
Food, 4:28 
Gas, 3:14-7, 24-6, 29-30; 6:34-6, 47-8; 7:13-5, 20-1, 26, 33 
Gas pipelines, 6:34-5 
Oil and gas industry, 14:22-3; 25:15 
Oil and oil products, 4:9-10; 14:23-4, 40-2; 25:17, 29 
Reserves and resources, Committee study, 3:11, 14-9, 24-6, 
28-30; 6:34-7, 47-9; 7:8-9, 13-5, 17-21, 26-7, 29-30, 33-4 
Petro-Canada Inc. Annual Report and Auditors’ Report, 
1986, 25:9, 14-8, 29-31, 34 
Procedure and Committee business 
Briefs, M., 25:9 
Witnesses, 7:34 
Wood resources, 14:31 


Walker, Peter (External Affairs Department) 
Atomic energy, Committee study, 42:3 


Western Gas Marketing Limited see Gas—Price; Gas pipelines; 
Witnesses 


Western region see Coal—Sulphur; Electricity; Oil and oil 
products—Investment 


White, Ross (National Energy Board) 
Oil and oil products, reserves and resources, Committee 
study, 7:3, 33 


Whiteshell Nuclear Research Establishment see Atomic 
energy—Waste management, Storage 


Whitham, Dr. Ken (Energy, Mines and Resources Department) 
Minerals and Earth Sciences Program estimates, 1987-1988, 
main, 15:3, 11-2, 26-7, 35 
Task Force on Program Review (Nielsen), Mineral section, 
Committee study, 2:5, 14, 24-5 


Wilson, Ian (Canadian Nuclear Association) 
Atomic energy, Committee study, 34:4, 12-7, 24, 29, 36-8 


Wind energy 
Cost effectiveness, 39:24-6, 43-4 
Demonstration project, Cap-Chat, Que., 44:8, 26 
Iles-de-la-Madeleine, Que., 44:25-6 
Use, application, 18:7-8, 16, 22, 30-1 
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Windrem, Orville C. (Texaco Canada Resources) 


Oil and oil products, reserves and resources, Committee 
study, 13:3, 29-33 


Wiseman, William (Petro-Canada International Assistance 
Corporation) 


Petro-Canada International Assistance Corporation estimates, 


1987-1988, main, 22:3, 13-4 


Witnesses (Organizations) 

Alberta Chamber of Resources, 23:4, 30-1 

Atomic Energy Control Board, 20:4-31; 32:3-29; 43:4, 28-50 

Atomic Energy of Canada Limited, 4:3, 17-38, 41; 24:3-30; 
30:3-29; 35:3-21; 45:3-36 

Canadian Electrical Association, 37:3-36 

Canadian Nuclear Association, 34:4-39 

Canadian Petroleum Association, 27:3-24 

Coal Association of Canada, 10:3-19; 23:4, 38-40, 48 

Energy, Mines and Resources Department, 2:5, 12-7, 19-20, 
23-6, 28-9; 3:4, 28; 4:3, 5-16; 9:4-39; 14:6, 20-2, 25-8, 31-2, 
36-8, 43-6; 15:3, 11-2, 14-5, 19-23, 26-30, 34-7; 17:4, 6-37; 
19:4-6, 8-30; 23:4, 7-11, 36, 42; 29:6, 8-36; 36:3-19; 42:3; 
44:3, 13-5, 19-20, 23-4, 26-8, 30-1, 33-4; 46:4, 12-6, 
18-31; 49:3-24 

Energy Probe, 33:3-36 

External Affairs Department, 42:4 

Geological Survey of Canada, 23:4, 36-7 

Husky Oil Ltd., 5:4-40 

Imperial Oil Limited, 12:4-37 

Independent Petroleum Association of Canada, 26:5-28 

Inter-City Gas Corporation, 6:22 

Inter-City Gas Resources, 6:22 

Marbec Resource Consulting, 41:3, 14, 18-32, 35-9 

Mining Association of Canada, 23:4, 12-5, 42-3, 45-7 

National Advisory Council on CANMET, 23:4, 16-8, 41-2, 47 

National Energy Board, 7:3, 5-34; 21:3-27; 31:3-31; 43:4-27 


Witnesses—Cont. 


New Brunswick Electric Power Commission, 40:3-40 

Northwest Territories Chamber of Mines, 23:4, 35-6 

Nova Scotia Mines and Minerals Department, 23:4, 44 

Ontario Hydro, 38:4-51 

Ontario Nuclear Safety Review, 47:4, 6-45 

Passmore Associates International, 39:4-45 

Petro-Canada Inc., 25:8-35 

Petro-Canada International Assistance Corporation, 22:3-29 

Polar Gas Project, 8:3-4, 19-34 

Prospectors and Developers Association of Canada, 16:3-30; 
23:4, 19-21; 27:3, 25-41 

Saskatchewan Mining Association Inc., 23:4, 45 

Small Explorers and Producers Association of Canada, 26:5, 
29-38 

Solar Energy Society of Canada Inc., 18:3-41 

Sweden, Ambassador, 42:3 

Tennessee Gas Transmission, 8:3, 6-19, 24, 26-7, 29-30, 32-4 

Texaco Canada Resources, 13:3, 5-42 

Timmins, Ontario, 23:4, 33-4 

Torrie, Smith and Associates, 41:3-19, 32-42 

Trans-Alta Utilities Corporation, 42:4-33 

TransCanada PipeLines, 6:23-46, 48-56 

Western Gas Marketing Limited, 6:23, 30, 34-6, 39-41, 45, 
47-8, 52, 56 

Women see Energy, Mines and Resources Department—Staff 
Wood resources 
Energy resource potential, 38:41 
New Brunswick, 14:31; 33:14; 40:37 


See also Atomic energy—Government investment/subsidies; 
Biomass energy 


Yarmouth, N.S. see Tin mines 


Zirconium see Atomic energy—CANDU reactors, Pressure 
tubes 


7 


te a 
caw “S <—_ 
ite esl n 
= oe tip Ain oben pee ‘ 
ae oer fom anal 
_ pa waives bi 
aaa RASC it Seber diame, ee | i al aay 


. ; of-s:0t) pipes ase 
7 " Cal woul pric usth Fenerah Oe 
ites St A ee ae A tno NR We ray, hh 29 a, mt 
cl ys 


£0) b€® rouatt tad info 
pitt t ase pos marie 8 QED AT 1 KO ROESS aiptees 
“Chal polars r ee ne 


er 
acres bAHKITIW barren Lt aber 16 fa 
, ‘Sat colialsterA gpiniM newsAoredee® we ee ee ; &- 
\ octet ote <iP to sucrose aa et eae anes of (ib TH amaaic 
exepleraeutary Aa ate 
ee it PA No eaabne yri9n8 alo? rine Pert ears Lae RR I 
ed Oi ,obseend im , Pit Expeen, apogee! 
wie aS ys rye xi) sees { ee 
u- — sunees! thane) cxeesT PheimsX es See le i; ace 
é ir) Tn a ¢ ao Losey tea Knee ye RY Toke OF-at satiety zt rive bk ' 
eate orm; pina ade orhe Hivaie Sie T ‘ cae ee} 200 OER ferme eee LB ahs 1 
i coh Ge cd PROD SLT RTAPRRETT — en ER Gh RE PS SMUT 2 aa 
, Deiat pk 128 Sat ae sei galas Shes ort 
[pa PP FSH bavioi.l goitese en misice Ni) qb em wiht ge ETD BRE, 26-4:Bh a 
: =~ vals Ae St fs 11 ond fl etatn &+- 10> 


2 —+ neon ee? peonmien Bas esi ,ygiscd oot wees Veeries bat ogpoul 


4.50 6547 af, "eo 4 
: td 2 
pont npeoe hone tieeada te, Asmliel ett 


fhe Uo 909 Aieq sauAeet YQIShS = i 
awa gh 20. feo) daiweaw wer NEE eae BOtis eA 


2 a 7 » 


mle’ @ vl i ee te) yaa IO wie ¥5% vweiuee est Oepudtiree haw 
al . tee) rans tls Erigta 4, 89 


J © theew\oleh crs bf 2b gnitleepol a Aare 
oats re eLiitn ofl sey 2." iteeorsY . saint 
inthe: vol Si wie dials th has sats shasta tose wenve , aalinit 
rune? Pulses: OMA deerp1ags simatA, 932 piwleants Veet ay -" Peers 
' a? oir, se esau re witek- 3 enn en : 
alc peerericerer toy ef traod ; "3 
s aa - 
oe Weumv utes Varhatiig Limiind oe iy ae af 
rt tld by Vileolit, 2027 Whiisecad 
: Western a = 
> aie pivwieaty=Sigencingnt a 
Attiwuls ogiil«'ies 4 é 
nm tie ” White, Been (rallonal Dndidy Ova 
oeys C1) ail aal poet ae ae 
andes, voters, S-) imap. * 32) 
A toe 392 » 
~ 
5 hie ‘ Ts 
: e q o 
MU ene“, uiert pl $s ee BOOh ay 


; wie, WD La dade 
am oampuypean 1d 


O82 
“an, 17 /¢ ‘} a 
- ao’ ae pe wus MM, te] 
i kw AS df e080) 7 2 
i] 
itp are 2 ie > ? 


ee ee bide gs joe emcee eae : a 


DAL 


L-SE2ETZ ‘SBITNIYJIP ‘saooe ‘suonesrqnd “jueursu1sanoyH 
"O-'N ‘L ‘astuyMoyyay 
d]O119g 410A °3}X9} ‘TUBULE 
b-€T 77 
‘8861-L861 Tedioutid yadpnq ‘sadinossay 12 SouT| ‘aId10Ug 
(ayeuoleuss3} Ul 
gouejsisse,] nod epeury-O118g UOTVIOdIOD) WITT ‘UBUIAST A 


€€-6Z:£] ‘apnie ‘sadinossas 19 saArasal ‘ajor1ag 
(sadinosay epeursr Odex2]) “D 2[IAIC ‘WaIpUTA 


8-9€ ‘62 ‘L-ZI-bE ‘UawIexa ‘anbiwo0u0dse ‘aileg;onuU arsiaug 
(qUUaTpeUed aIIes[INU UONeIDOSSY) Ue] ‘UOSTI A 


G-bZ ‘pT:Z ‘(uasy[aIn) seurumeiz01d 
sap ueurIexa,| ap adzeyd [Tears ap adnoiyH np 
suOTepueWIWODEL 32 aTe1apey enbiy1jod ‘xneigw 3a xneIIUI|] 
SE ‘L-92 ‘7-11:ST 
‘8861-L861 Tedroutid 1a8pnq ‘sadinossay 12 saul) ‘aId19Uq 
(sadinossay sap — 
12 SAUL SAP ‘aIs1aUg,] Op eeistUTUT) “yy ‘UTEYITY AA 


€€:L ‘epniea ‘sadinossai 1a SaAtasal ‘a[OI9g 
(a1819u9,| ap [eUOeU dO) SSOY ‘97TU MA 


yq—sourjadig epeueysuely snd 110A 
Ip:9 ‘Sa1de11Ip sajuaA, 
suIOW] 410A “adeusIOWA) “ULIUasaIdaY 
Z-O€ ‘SZ: ‘SaN][IUODS Sajiue}UAa *x11g 
€S ‘1-0r:9 ‘uontsod ‘saurjadid sa] ans apnia,p adnoiy 
C$Z:9 “918 “SayIATIOe “UOTIBIID 
ZE:9 “NOD 
8-Lp:9 ‘uoneIod1075 sey Ai1D-101uU] 
9-SE “97:9 ‘stUs}-S1e1q 
sye1u0d 
Ib ‘97:9 ‘SaiqMew ‘uONeIISTUIUIpe, p [IasuOD 
PoPIWIT SuIIxABJA] SEX) U19}SI AA 


8I:LE ‘uorisod ‘qoy ‘uonesTeArIg 
Auedui0d iY43rT 2 AaMOg AVUI}I00Y 3894 


uoneqoidde ‘sja8pnq ‘sadeAoA~—aiIW0D 4104 *O'q ‘UOPUIYSE A 


€:7p ‘usuexa ‘anbimou0ds ‘aitegjonu aisieugq 
(Saina1191xa SarTejjY Sep I1gISTUTW) 1a}aq ‘IIHTE AA 


Lr ‘9-S€:9 ‘paitwry suayrR| SPH uUsIISAM 

Pei, ‘QWOD Np xnearly 

9Z:L ‘S-pe:9 ‘sourqedig epeueDsuery 

EZpl ‘a1E100S ‘apnasUAS 

Z-Op] ‘ateagjonu ayemues “g-'N ‘nesidey] aiul0g 

Zp ‘bZp] ‘uatpeues owmuieis01d 

‘yUsWIaseINODUA ‘INaTeA Ud asi 1a UOTILIO[dxa ‘zed 13 B]O119g 

71NG—UR] “T]@PPEM 


b-€€ ‘O€-62 ‘TZ-LT “S-€1 “6-8°L *6-Lhr ‘L-PE:9 
*O€-8Z “9-bZ ‘O7-bT ‘ZI°€ ‘apnig ‘sadinossai ja SaAiasa1 ‘a[O119g 
C1l:$Z ‘alusnpul ‘ejorag 
rE ‘1€-67 ‘8-p1:Sz ‘apnia ‘gg6] Januue 110dde1 ‘epeues-o1iag 
Ip-6€ 
‘O1-6:p “yefoid ‘uonesiz0yeA ap auisn ‘uy A81auUq apeInMean 
Ol:p ‘919190 “pry 110 Aysny 
O0€-62 °L-9T:€ ‘a}U91Uq ‘xud ja saysiew ‘jainivu zZeH 
O7:L *6-Lb ‘L-vE:9 ‘9-bZ ‘9-p1:€ ‘JeIMIeU zZeH 
ZEPT $87 “ST:p ‘aatejonu sig18uq 
LU ‘soury ‘epeued np enbiwoje ars10uq 
CUP “AlaiSIUTU ‘SadINOSsayY 19 SIUI| ‘aisiraug 
1p-9€ ‘8-SZ ‘O1-6"b ‘L861-9861 atte Uetazddns iadpng 
6:SZ ‘9p ‘Z-Ob ‘Z-0€ ‘b-ZZ:PT ‘8861-2861 Tedtoulid yadpng 
SadINOSsay 12 SAUT| ‘a1s10uq 
T-OP ‘TEPT €€ ‘67 ‘ST ‘S-ET ‘6-8°L ‘a1s10uq 
C-rl:SZ py] Wneoleg suo0gq 
8-9€ ‘6-SZp ‘UOTISES ‘salIea}INU S1aydeq 
6:S7 ‘9ITWUIOD 
(AeMssury—ajoAnosueA—(C dN) UP] ‘]appeA 
p-€7:L ‘“epnye ‘sadimossai 3a SaAtasa1 ‘a]O11ag 
(aIZ19U9,] ap [eUOTIeU BdqJQ) Uday ‘UBWITTOA 


779M *Z1:Z ‘UOTINJOS “JUsWIaUIBANOS ‘aUIe]qQ01g 
€-Z1L:% ‘suolepuewmwmosal ia sapnig 
Sa] [el1jsNpul-ouoU! Sat A 


ase104 
—uonei0[dxa ‘zed 13 ajo1ag—sas102) ap duRG 1SSND 110A 
SZET ‘SADURAAPal ‘sadInosay epeueD odexa] 
jafoid ‘a.1njua, 


L-9T:[ 1 ‘SUOTSIAGI ‘SaATISAI ‘3]O119g 
vjanzaue, 


I7Z-P:SE€ ‘8861 -L861 
CE ‘SZ-b “L861 -9861 
a1Tejuaue|ddns jaspng 
p-71:SP ‘6861-8861 Tedroutid 1a8png 
sadInossay 39 SOUT ‘BIs10Uq 
(saw ‘epeueD np anbrwoie e1s19ug) uoY ‘xnatjie, 


Psno] IFJOMag—2e2]O118g 
‘uy Adisuq epernman ‘aursq—aia1s0s “pry [IO Aysny 
‘auIss(jH—ialoid “gry ‘aye PlOD 410, ‘sauisn ‘uoTjEStIO[L A 


ueMAYIILHSeS ‘aqusnquio0) 
—Saileg]onu Sinadvay ‘uoTe1I0;dxq—sauly ‘o11e}uO 
-o1pAy ‘sp1090e8 ‘LT LW) ‘sadInog—arlsieug ‘uoneiueusny 
—UuoT}INpoIg—9}191119aTq ‘WIN1ajnsq—uonedige 4 
—apino] neg ‘sayerueg—uonsad ‘sareajonu sjayseq 
*JUIWIBUUOT}IUO J—IIespoNU IN3}deI1 ‘QGQNWD 1SSND 410A 
377N$—UINIUB.I.) 


SADUNOSSAA LA SANIW ‘AIOWANA 47 


S-rI pe ‘ajoned 
a] 12 UOGIeYD a] DaAe UOSIeIeduIOS ‘anbyjadiaus INaTeA 
Z-17HE -91 “€-Z1:0€ ‘SeArasay 
9-ST “€T77E 
‘sairjiqesuodsal ‘wqD) ‘uoTIeIUaUAa]Sa1 ‘SaUISN 1a SAUTW 
6Z:9p ‘121BIUT ‘S919I9OS ‘S}UIUTASSTISAU] 
UOTILIO[AXy IUUONUAWUSNS 34721 a] SNOS 1SSND 110A 

Z-1T-B8E ‘SadINOS 

97:8E *X11d 

1-02Z:8€ ‘0002 Ue,| Ue,nbsnf suorsIAgig 

C-€7:8E “SIe1UOD 

sjuduauUOTSIAOIdd y 
o1iejuQ-o1pAy 
C-pE-pE ‘UOTIENIIS ‘SarTeapINuU sjaysep “UOTIIeIIXY 
8E ‘€-ZZ ‘L-9:pE ‘suoneii0dxg 
Z-1z:g¢ ‘uonedionsed ‘o1eUuQ-o1pAHy ‘uONes0;dxq 
Q-ST:S] ‘Suostex ‘sazI{Iqesuodsa1 
‘anbyjgsi9ug Imazdas ‘a1QiSTUIW ‘sadINOssay 12 SOUT] ‘AIs19Uq 
STLE “STIPE “NOD 
27 ‘QUATNEduUIOS ‘epeueD 
wintUue.sy) 


satjatjuaiod sasinog—siuswmauuorstAoidde ‘ajO1jaq 1sSND 410A 
P-CE:Z1 ‘SaiNoyyIp ‘uanurew ‘neaatu ‘uondnpoid ‘ajomag 
anbijatAos uoTuy) 


7p ‘uawexea ‘anbiwio0u0de ‘aireg[InU sId138Uq 
(apens ep inapessequie) e[O ‘uais{[p, 
I€ ‘S7:pE ‘suorstoaad 
ye11U09 ‘UOTIONAISUOD ‘aITea]SNU 1n9}9e81 ‘QGQNVD 
ambiny, 


Zp ‘Uawuexa ‘anbrurouo0ds ‘airegjonu sid1eugq 
(sadinossay sap 
19 SOUT Sep ‘arg1auq,| ap alaisturur) uevag ‘aaddny 


Cc-7E ‘wNtuely) 
0Z:€ ‘919TD0S ‘apnzdUAS 
S€ep1 ‘iaload ‘TvSuvdva 

ZE-8Z ‘8-91°6 ‘ZE “OZ-BI“E “apnie “sadinossai ja saAtasay 
O2-61°€ ‘2104194 
1Z:z ‘juewaddoyjesap ap a10a ua skeg 
81:6 ‘e1810Ua, p SjuaMIaUUOTSIAOIdde sap uOTINIedal ap 394JO 
O€:pl ‘919190s ‘epurION 
L-97 ‘€-O1:91 ‘Apnig “altisnpul ‘saul 
L-92 ‘€-O1:9] ‘atsisnpul ‘uondedsoid ‘xnejaw 1a xneIgUl] 

LZ ‘17-81: ‘(uas]aIN) seuweisoid sap uawexa,| 

ap asieyo [Ieaes ap ednoiy np suonepurwmwosal 
ja aeuoneu ayer1gurw anbritjod ‘xnejaw 1a xne1gUl] 
9¢:p1 ‘anbixeyy 
SE:6€ ‘OlleIUQ-O1pA}Y 
LUZ ‘stu -sie1y 

9-€£:6€ +9-STZ 
‘OZ-LUZE. Sb-€T:1E ‘Uawexe ‘anbruouodss ‘aitesjInu ardiauy 

9-E1:7Z “Ph ‘Ob ‘9-bE-1 
‘Q861-L861 Tedtoutad ya8pnq ‘sadinossay 1a sauTW| ‘assay 
O€ “€E:6E *S-P7TE “9HIII9a1q 

9-€1-77 
‘gJeuOleUIAIUI aduRISISse,| INod epeueD-O1ag UOTIeIOd10D 
6-81:7 ‘epeuey np anbisojo—as uorsstuw0Z 
OZ-81:ZE ‘enbiwoje a1d19U9,| 8p 2[Q1]U0D ap UOISsIMIWIOD 
876 “9ITWOD 

ammg—titg ‘seddny 


1-02:% ‘ats19009,] 
ap 19 xneIgUIW Sap s1d0]0UYIA} LF] ap UaIpeued eUaD 
LI:@€ ‘artegjonu Inaiseat ‘QGQNWO 
Z-1€ ‘6-87 ‘L-91:6 ‘e819U9,] ap ayeuONeuIajuI aduasy 
(uoja]1e)—ursdan— yd) [lg ‘aeddny 


SaIQIze3 13 Satgt[OIad saiiada1 Sa] INS axe] 4704 “SdUL 
allegjonu inaysved ‘MQNVO 470A “WINIAIAL 


T-IE:LI ‘Sainsaur ‘uonsdipaid ya apnia ‘auawioueud 
9119} ap SJUIUTI|QuIaI], 


E:T *S:67 *S:S7 “EL ‘1 P'S ‘Tbh :Z-1E-€ “‘UOeyTUeLg 
p1-6:1 ‘aIs10Ua,] ap TeuoNeU sd1JO 
Z1-S:bI ‘b1-6:1 ‘eeitwry] ‘epeued np anbrwioje ai810uq 
p1-6:] “e1a}sTUTU ‘sadINOssay 12 SUT ‘ai19uq 
pl-6:1 ‘anbrui0ye a131au9,] ap aJO11U09 ap uOIsstUIUIO7) 
42199p 
Jed suoneurwmou ‘juawesey np (T)EOT “We,] ep Naa u_ 
Ib-b:81 
‘TH-SET “LE-S:Z1 “€E-S71T “6E-S6 “SE-p:B “SE-S:L 
'9S-$7:9 ‘Ip-b:S ‘O€-p€ ‘SPeA1aSeI 1a SadINoOssal ‘a;OIIEg 
CE-6:SZ ‘9861 Januue i10dde1 ‘epeued)-o1ag 
6b-S:€7 ‘O€-p:9] ‘altisnpul ‘saul 
€:p ‘TE-L:Z ‘(uas[etn) seurueizz01d sap uaurIexa,] 
ap ad1eyo [earl ap adnoiy np suonepuemuodal 
32 a]e19pa} ate1gurw anbrirjod ‘xnejaw 3a xnelgUIp 
Tb-b:LT ‘BE-9:9T ‘TUIAR ‘satatUTUT 19 SateTj}Omed satisnpuy 
Sp-€:Lh -E€-E-Th *Th-b Th -Ob-b:0b 
“Sh-S:6€ -1S-S:8E “9E-P-LE “6€-b'hE -OC-P-E€ “O€-P:ZE 
‘TE-p: TE 467-7:0€ ‘9€-L:67 ‘enbiwouodes ‘arreay;onu a1s10ug 
bC-P-6b 
‘aoddei ‘yneiNsuod gi1W0D ‘anbresiaue sduanyuo7 
6l-¢:01 ‘SedInossai ‘uogieyuyD 
juawa[sey Np (Z)96 “Me,] ap Nyaa UW 
€:ZI ‘L861 2p sjuawiasstisaaul 
Sap S1adpnq 12 1661-L861 UONeyiueld ap aporiad 
eR] Inod 1najda11p ued np sairewiwos ‘epeues-o1eg 
jUsWATZIy NP (p)/9 “11e,] ep Nia UA 
61-p:9€ ‘17-P:SE ‘8861-L861 
Tp-S*b “L861-9861 
a11ejuswmayddns jaspng 
€£-S:9b -O€-P:Sb -SE-bbb -0S-S-Eh “6861-8861 
T€-Pb7 *67-P:77 *L7-H17 
‘TE-S:07 ‘O€-S-61 -LE-9:LT “LE-p'S1 -OP-LPT “8861-L861 
yedioutid ya8png 
SadInossay 13 SaUT|) ‘aIs190Uq 
9110 Np xneaesy 


O7:1Z ‘suorsideid ‘juawapuai ‘salleuIpIO suOoNdy 
dU] SauTjadig UAIYIION-suBl], 


“Ay 
‘uoTIed0AUD ‘UOTINIed WOD—SUIOWIa | —aIIWIOD 1SS1D 110A 
€-7¢:9 ‘anbijqnd anb 301n]d aaatid 919190¢ 
SUIOWA] 410A “SadeUsIOUa) ‘s}ueUasaiday 
6b ‘7-1 p-9 “UoKesTTNA 
OLE ‘8101 ‘aid190uU9,| ap JeuONeU 2dqjJO 
OS-6r:9 “WOHedBIIe | 
Ob-6€:9 ‘stnbai teyap ‘juaT]s neaanoN 
Gr:9 ‘aiIWIOD np rsayjeid np sgidne iodap ‘awuress01g 
ajmg—ueijeuq 
a77m¢g—auiaishs ‘sautjedig 
ajmg—seouryedig epeurjsuelsy 


Ip SAOANOSSAA LA SANIW “AIOVANG 


p-Tp'9 ‘Uatie1jUq 
v-€c-L 
‘6€:9 “O10 ‘apnia ‘uOISIDap ‘aId19U9,[ ap [eUOTeU ADO 
Ol-6:Eh ‘Setuered ‘synad snd siuri0jdxq 
pS ‘7-0€:9 ‘Sg09—v 
auraishs ‘sautjadig 
S-pE:9 ‘SuoTedaTle 
‘S1Q191UI, P SII]JUOS ‘pazlwT] SuNayIep] SeH Usaisam 19 
L-9Z:L ‘QDUSpTOUI ‘JaInjeu 
zed np xtid sa] 12 S9YdIeW Sa] Ins ajuaiU_ ‘aipryea ‘sye1U0D 
S-p7:9 ‘seoyaueg 
6-€b 
‘eg ‘9-Sz:9 ‘uonesiedas ‘uonestTeIs1auIWIOD 32 y1OdsuUeI] 
62:9 ‘UOTeIO[dxa ‘saysiepy 
Or:9 ‘i1eIIxe ‘suoNdaUUOyD 
g[NNUI yUeUINDOp ‘epeueD np aenbiwouods [Iasu0D 
SIIIATIOV 
sauryodig epeuegsuely 


sayerquad 
—siuy)-s3819 (QS U2 12 XOS Ud ‘XON Ue INeuUa} a] qIe} 
®) SN Inejn1g—uogieyd ne sayenuaD ‘uoneiojdxq 
—uoqiey) 12 1J—uOgreYD Ne SajerjUaD—e1Iaql[y 1sSND 410A 
SUIOWa] 470A “SsadeustoUra) ‘sjuR}UasSeIday 
6-L7-@b 
‘sanbijqnd s9i9190s saijne,p dace UOsTeedUIOD ‘syIIe 
9:7p ‘ede}UadINOd ‘uOTONpoIg 
8Z ‘LEZp ‘suoneii0dxq 
8-LUZp ‘uonenrs “uawauuorsiaoiddy 
9HITI}IETF 
6Z:Zp ‘SuOIsIAgid ‘suontsmnbsy 
U0178.10d1075 SEIT BITY-suelL 
62 ‘97-F:7Z 
‘8861-L861 [edioutid yadpnq ‘sadinossay 32 Saul ‘aIs1auUg 
(2]euoneuIa}UI 
gourisisse,| Inod epeuey-O1}0g uore10d10)) 1a}ag ‘amoy, 


SUIOWA] 410A ‘odeUsIOWIA} ‘JULI UASIIday 
SIJBIIOSSY PUL YPIWES ‘IIIIOT 


Zp-ZE ‘61-b: 1p ‘UauTexa ‘anbrwouUosg ‘aiTejINU ais18uq 
(saieisossy puke Yitug ‘a1110]) ydjey ‘a1ss10], 
$19JJq—a} usu ‘xiid ja sgydiew ‘Jainjeu ZeH 4104 “SWOdOL 
9-72 
‘OZ ‘S1-9:97 ‘apnia ‘ATUaAe ‘saigIUTW 1a Saigt;OIIEed satsnpu] 
(epeues jo uoNeId0ssy WNa[oO1eg Uapuadapu]) Aen ‘ppoL 


sayerjuej—uonegoidde ‘siaspnq 
‘sadeAOA—9IUWIOD 410A “dITEQ[INU a[E.1}UId “°3UC ‘UOZIIATL 


suIOWa] 470A ‘adeusIOWa} ‘JULI UaSeIday 
*yUQC ‘SUTIWIWIIY], 


jAqoussyo 
—9]011U09 ‘9I1INIIS—SaIIeI[INU SINIIIEIY 1SSND 410A 
SL:0¢ ‘SuOoIssnoiedai ‘uone{ndod ‘juapisoy 
SATEQ]ONU 1najdVal ‘PuL]s] IIA) 21], 
LZ ‘b-07:9Z ‘Opnig ‘1TUaAe ‘sargTUTW 12 saietjoied saisnpuy 
(epeuey jo uOIeID0Ssy WNeOI}Aag JUapuadapuy) UYOL ‘uOsWIOYy] 
Ob-ZZ ‘0Z-b:0p ‘UauIexa ‘anbiuiou0d? ‘aileg[InuU aisiauq 


(jolMsunig-neaanon 
np anb1139e]9 a1d19U9,p UOISsTMWIOD) A113] ‘uosdwOYy], 


‘TE ‘TZ-91 ‘p1:67 ‘uaeutexea ‘anbrwiouo0de ‘ai1eayonu snk 
(sadinossay sap ‘ 
32 SAU Sap ‘aIs19Ug,| ap a1a}stuIUL) pay ‘UOzxaYL 
SaYIOY—919190S ‘OdITY 410A "JDUANOL ay 
yaloid ‘ainqua, ‘xt1g—e]orag ‘919190s 
‘Tlozuuag ‘anbnes1suea enbiitjog Ja 6907-596 ‘apubwmap 
ja auffo ‘pppun) nD arsiaua, 7 a{NI UI 110ddei ‘atB18U9a,] 
ap Jeuoneu s4jQ—eIds19uq ‘uoneso0[dxa ‘ze3 13 ajoneg 
—so810a5 ap sueg 4jjn9—ieloid ‘yeS1neury issnp 0,4 
p-CE-€1 “B1gioueuy uoTeNi¢ 
SUIOWA] 470A “‘SadeusIoUlay ‘sjuURiUasaIday 
Zr€l ‘aduejodut ‘pino] ejorag 
6-SEET ‘aId9IeNS ‘atinued ‘saarasay 
OEE] “eInjauliay ‘sing 
8€ “O-€E-ET “UOLINpo1g 
zeS 13 ajO1ag 
b-EZ ‘1-01 ‘S:€1 ‘Nuarei ay Ins yodwy 
LE-ET “Sye11UOd ‘JaInieU zeyH 
9:¢] ‘ueld ‘aedronue aitenei ‘sekojduq 
Or “9-CE-ET “SUOISIAgIg 
Or “9-SE “9-S:€1 ‘saATIDV 
sadinosay EpEuLD ooexay, 
uoneqoidde ‘syaspnq ‘saseAoA~—aiIuiod 2ssnD 110A 
b-ZE “p-€7:LE “UONENIS “gI19119Tg 
aanan-assa], 


apuewWlap 13 IIJJO 72 QCGZ UOISIDEp ‘UOISSTUIUIOZ 
A1ojejnsay Adiauy_ [e1epej,j—siu n-sieig xne suonei0dxg 
—ainjyeu Ze ‘ayjQ—yeinieu zeg—siuy)-sieig 1ssnv 0A 
suIOWa] 410, ‘seseustourar ‘s}ueiuasaiday 
O€ *L-9:8 ‘s9TATIOV 
UOISSIUISUBI], SEX) sassouuay 
11:9 “939 ‘syuedionieg 
sanbiuysaj saauvpuay 


9¢ ‘zs 
‘B-Lr ‘Sb ‘Ip-6€ ‘9-rE ‘O€:9 ‘paituTy] sunayIeP sey UsaISA\ 
Eb “PIO ‘Uaisy|N 
9S-8p ‘9b-bZ:9 ‘sauryadig epeuejsursy 
€€-S:%p ‘uONeIOdIOD saniyuA eipy-suely 
6-SE ‘ZE-8I1 “Pl:Tp ‘Saiets0ssy puke YyrUWE ‘a11I0] 
€E-€7 “A1Tew “UO ‘SUIT 
Tp-S:E] ‘SadINOsay epeuey odexa] 
P-7E ‘O€-67 ‘L-vZ ‘61-9:8 “UOISSIWISUeIT SPD sassauUay 
Ib-p:8I “OU] epeueD np ailejos ais1aU9, p 319190 
8E-6C-9T 
‘epeues jo UOTeIDOSsY S1adNpoOlg puv Sidi10;dxq [jews 
€€-SIT “WW Aruay ‘rapnyog 
CreZ “Ul UOTILIDOSSY SUTUT, UPMAYNYSeS 
Tp-02:L7 -17-61€7 
‘0€-p:91 ‘epeueD Jo uoneisossy siedojaaaq pure si0}9edso1g 
p£-07 ‘9-r:8 ‘eload ‘spy aDjog 
S€-6:S7 ‘Bpeury-o1iag 
Cb-S:6€ ‘JeUOTIVUIAIU] SaIvIDOSsy a10UISseg 
Sb-9:Lb ‘(212 UOISSTUIWIOD) MaIAady Ajayes IeapINN OLIeIUO 
L7-S-Eb *LE-p-1E *L7-p717 “pE-S:L ‘at810U9,] ap TeuoNeU sdqJZO 
ajING—SuIOUId], 


SAOANOSSAA LA SANIW “AIONANA OF 


prez ‘OTISTUTW 
‘XNPIJUIP 12 SOUT “JUSMIIUIBANOS ‘assodg-a[]aANON 
9-CE:¢7 ‘SAU JO JaqUIeYD SalIOIIa] IsaMyIION 
Zp-ZE ‘6l-p:Ip ‘BUN[NsuoD sdInNosay Iaqiepy 
8-LE€Z “W UYOL ‘TTesnoqoew 
ZZ:9 ‘sadInosay sey AiD-1910] 
7Z:9 ‘uOTIeIOd105 sey Aj1D-193U] 
62-9:9Z ‘epeueD jo uONeIDOSSY WINe[OIeg JUapuadapu] 
1S-S:8€ ‘O1e1UQ-o1pk}H 
Ob-S:g ‘919190s “pr [10 A¥snH 
L-9€:€7 ‘epeueD jo Aaaing [ed1s0[0an 
O€-p€E ‘eqQo1g AB18Uq 
9€-b:Sh “1 7Z-b:SE 
‘67-b0€ ‘Ip-LI:p ‘aguWwTy ‘epeueD np anbiwmojye arsiaug 
L€ ‘6% ‘7Z “61-S:9P ‘BZ ‘9-77ETZ 
‘O€-1Z ‘SI ‘OT ‘pI-L:Z “(SeuTW 19 $1910,4) 187g,P a7ISTUI 
b7-P:6P *SE-67 ‘LZ-b- bb “Ob ‘bh-BE “OE-E1 ‘hI -O€-H'€ “AtISTUIW 
81-6h ‘TE-8I ‘9-Z1-9p “b-€€ ‘1-O€ ‘8-97 ‘b-€7Z 
‘07-61 ‘S-€1 ‘bb €:7h “61-b:9E -9E-L:67 ‘Zp ‘OE ‘T1-L€T 
‘O€-91 ‘bI-8 ‘9-S:61 -9€-p:ST *9-Sp “Ep “8-9E “Z-1E ‘8-SZ 
‘Z-O7'P1 *6€-S:6 *S1-S*b ‘8Z-€ *6-87 “9-€7 ‘O7Z-Z1°7 ‘“e1gISTUIW 
sadinossay 12 SAUT ‘aId198Ug 
O€-67€7 ‘WIP ‘SpreMpy 
62-b:77 
‘gjeuoleusajUI adueISISse,] Inod epeueDy-O113g UOTIeI0d105 
Le ‘7-1 ‘8-9T-€Z 
‘LAWNYV) IMs e11stulw Np [euOTIVU JNeI]NsUOd [IasuOD 
LE-S:Z1 ‘8917 eTetsedwy e1gijomjed arusedwo0;y 
Ob-b:06 
‘yOIMSUNIG-NeaAnoN Np anbi1399/29 a1d18Ua,p UOISSIUIWIOD 
OS-87‘€b -0€-p:7E 
‘T¢€-S:07 ‘anbiwioje a1319u9,] Bp 3]011U0D ap UOISSIWIUIO? 
0Z-t:LZ ‘epeueD np aiatjoned uoije1sossy 
6€-S:bE ‘QUUAIPeUed dIIesTINU UOTIEIDOSSYV 
L-Sb ‘€-@p ‘S-7T-€7 “BpeueD Np aigrurwm uoreID0Ssy 
Ob-SE:€7 ‘61-p:0] ‘QuUUaTpeUed a1QIUUOGIeYS UOTIeIDOSSY 
O€-p:LE ‘911911199]9,] ap BuUeIpeUed UOTIeIDOSSY 
O€:€Z ‘SadInNosay JO Jaquiey eiIAQTYy 
E:Zp ‘P1VISIUIW *saInati9ixa saltejjVy 


sulowl2 | 


a19sIga]g—uUOTIeUIUII]a ‘auIWIeIdOId ‘aiTea]INU arsiaug 

—apens ‘ajo11u0d ‘ai1Indag—saiTes]INU SINI1IVIY 1SSND 410A 

8-LZPE *61:0€ “012 ‘uoNe}ndod e] ans suoissno1ieday 

€€:67 ‘911W0D 2] 1ed spuewap aiiejdwaxgq 
OL ‘8:Z€ *8:07 ‘SUOIsN]dUO9 

12 epnia ‘anbiwoje a1319U9,] ap 2]011U0d ap UOISsIWIWOD 

8I-ZE “b7:07 ‘SasneDy 
9861 [14Ae 97 NP JUepIooV 


airegjInu 1nazdved ‘|AqouIIYyI I], 


Spb ‘71:97 ‘uoIsseiddns 


(Dd UL) $2191Ze3 39 sasatposjad $9}}9901 Saj ans axe] 


€Z ‘6-81:61 
‘8861-L861 Tedioutid ya8pnq ‘sadinossay 12 seuIW ‘atsieug 
(sadinossay sop 


12 SOUT] Sep ‘a1B18UT,] AP s1VISTUIW) BdIINe|] ‘NeIIaYyIsE] 


siaf[o1g—e]euoneuia}ul 


gourisisse,] 1nod epeuey-oneg uoneIo0d10D 10, ‘atuezuey 


p-EZ:L] ‘uond119seq 


30foid ‘apadoad ‘ynise], 


SE:ST ‘uondrs9seq 
JOS ne uaIpeued ausazsks 


L-9€:Z1 ‘UOT}e110]dxa,p 1n0d ‘auIsA 
Z-TLLZ ‘sodequeae 
‘guées juawiasinds inod uondnpep ‘uonses3xa,p yaloig 
b-€7:p] ‘Uauexasl ‘adueISISse ‘JUsTIAUIZANODH 
L@ ‘O7:€ ‘WuauedueUTy ‘ainjny uoIsuedxgy 
L-9:0p ‘UOTeST]IIN ‘sauseiUOU ‘ayo>D 
939190s ‘apnadudsS 
uatpeues winisoduiks 
‘aigiaug iomd OA *at819u9,] INS uatIpeued uiNnIsodufs 


uonsad ‘saireg}onu siaydeq 410A “g-"D ‘ka1Ing 


Z-TE:81 ‘etd18ug,] Ins y9edu “uauaddojaaaq 
sinaz}Inpuodsadns 
9-SE “EE-LT ‘SE “ZEST 
‘8861-L861 Tedidutid yaspnq ‘sadinossay 30 sauTp ‘aid13auq 
(sadinossay sap : 
32 SAUL Sap ‘atd190Uq,] ep aeraisturu) “y preuoy ‘AT[Ng 
asesodanugq—aitanoe a[qiey y—uonse’ ‘saiteajonu 
syayoeq ‘uoneqoidde ‘syaspnq ‘sadeKoA—9IIWOD 2SSND 0A 
O€:PE “POUaPIUT ‘OST 
[H1AB Q NP JUSpr9oe ‘airegjInNu Inajdea1 ‘|Aqou1aYyI | 
bEEE PE:67 ‘AISIQIId 
8-LSb “b7:%p ‘UOKeUTUIITS ‘eWUIeISOId ‘aIeg]INU aIZ18Uq 
FIO ‘UaIs[IQ 4104 “INapessequiy 
apans 
9-SZ ‘€-7Z ‘OZ ‘ST ‘ZI “8:17 
‘8861-861 Tedioutid aspnq ‘sadinossay ja seul ‘aldiauq 
(aig19u92,] ap [euoNeU 29JO) “D1 11aqQ0y ‘suaydajs 


oOs0W YW—"d129 ‘UOT}BIOAUOD 
‘uornred WOj—suIOWEs | —ei1WI0D 4104 “u0g ‘£3eI5 


1¢°9 ‘paitwiy sunayrzey sey usajsany 
SI°b€ *€7ZE “STS ‘WntueIQ 
€€:6Z ‘anbraiaos uotup 
ZE:L] (A119) ap sjuswa|quie1 | 
Cr: ‘sauryjadig epeuedsuesy 
62 ‘8-LUZ%p ‘UoNe1Od10D sant eipy-suesL 
CE ‘EE ‘ETE ‘SADINOSIY Epeuey Odexa] 
CE:LE ‘PANAN-2113 7, 
CEST ‘JOS ne uaIpeued aurajshS 
O€:PE -PE-67 “Apans 
LE-p] ‘awuesso01d “uaweseInOodua ‘Ial[oNad 1m3a}da¢ 
PE:LE ‘1O7] ‘ailegjInu si1]1Qesuodsay 
PELE -9€:67 ‘e1legjInu giTIqesuodsay 
0% “O1:L7 ‘2uD7q a4grT ‘ayeosy aWIOJaY 
ZE ‘b7:6Z ‘SartegyoNu sinajioeay 
€-Z€ ‘9-S7:g “eloid ‘spy «vjog 
OI'SP ‘Z-1€ ‘1-02 


‘Ol ‘bl ‘TT:Ob *LI:€€ “aateayonu ayesjuad “g-"N ‘neaiday] ajutog 


Ep ‘S9I9190s ‘sautjadig 
T€ ‘67:Sp ‘e1leajInu ayeijUuad “yu “Bul1ay4I1g 
L-v€ ‘2-1€ ‘L-97 “b-€Z ‘07:97 ‘alsIsNpul ‘ze3 49 along 
II -bP 
‘7-11 ‘p:9€ ‘1-01 ‘9°61 ‘Cb ‘8-LZ:pI ‘UeIpeues surmeI301d 


‘yuawaseinosua ‘Inayea ua ast 32 UOTeI0]dxa ‘zeB 1a ajonag 


ajing—evieqieg ‘mo11eds 


6t SADANOSSAa LA SANIW “AIDWANA 


€-7Z:61 ‘O€:€ ‘Zed 12 BjoIg 
9:47 ‘11:97 ‘alsisnpul “sored 
Z-IVLZ ‘EVE SETZT AZZ: LT ‘syuaurauuorstaoidde ‘ajoreg 
Ob-6€ “L-9€ ‘PE ‘PZ “6-BI8I ‘Zh ‘S-E7-€T 
‘8Z ‘p-EL:Z1 -T-O€ ‘97 “bI:11 ‘apnie ‘sadinossal 1a SaArasay 
IT ‘9:42 
“ST ‘6-8:97 *8€ ‘bE ‘LZ “S-b7°6 ‘OE ‘SZ ‘OZ “L-9T ‘Z-O1 ‘L'S “810119 
67 ‘ST7:SZ ‘epeurD-Oled 
CT-ET “9191908 ‘[IOzZUUad 
62:7 ‘juautaddoyaagp ap a10a ua skeg 
77:61 ‘NV.LO 
LUZE ‘(AIH UOTSsIWIWIOD) MaIAady Alajyeg JeajINN O1IeIUO 
C1 ‘9:8€ *9-SZ7:LE ‘O1TBIUO 
Meh S| We 
‘L-pl ‘L-9€b ‘7-07 “8:17 *Z-1 1:1 ‘atssaug,| ap TeuoneU a1 
81:6 ‘e1810U9,p sjuamMaUUOISIAOIdde sap uONIedal ap 3d13O 
SI ‘9-ST ‘O:S€ ‘erTeajINU Ina}de—1 “UO ‘Uuoiyd]oY ‘ddN 
8-L7SP -8-LE “S7-OP “YIIMsuNIg-neaanon 
6-87 ‘b-I 1-61 ‘1p-8€ “9-ST ‘OI 
‘1-9: ‘yefoad ‘uonestioyeA ap ouisn ‘oul Adiauq apeInMaN 
Sb ‘L-9:€7 *Z-OL-LT €-17:ST ‘atazisnpul ‘saul 
€-ZULI ‘Saul 
OZ:LI ‘euruers01d ‘a119} RP] ap SadUaTIS 19 xNvIBUT| 
p-€Z ‘“ST:9] ‘etsisnput ‘uondedsoid ‘xnejaw 19 xneIgUIY] 
Sp ‘L-9:€7 ‘epniea ‘a[er9pay aperguiw anbiitjog 
L:LI ‘10:z *xnejew 3a xner9uIp 
1-0z:0¢ ‘Aueduroy s1119aTq ee10y4 
ZL:9Z ‘epeueyD jo uONeIDOSsy WNna[O1jag 1Uepuadapu] 
C-PL6€ ‘61:47 ‘0€:91 ‘Nuaaal a] ins 1odwy 
€-TpLp ‘7-1 pl b *9-Sp ‘€p:BE ‘O1eIUO-O1pAH 
OL: ‘9191908 “pry [10 A¥snH 
77:§z ‘yaloid ‘eruraqipy 
OL:61 ‘Sonpozeny 
IL:¢ ‘auaiug ‘xtid 19 saysiew ‘jainyeu zeyH 
8-LTbb *1-O7-Eb *L-9:LTZ °9-P7:97 
‘PLAZ *1-O€:Z1 *L-97 ‘61-8:8 *LT:L ‘OS “L-9€ “p-€E-9 “‘Jernieu ZeH 
O€ “ST-61 
‘spud ‘U0T}e}19U1,p Sjuawiated ‘uoisuedxa ‘saysiew ‘zeH 
0£:6¢ ‘anbi119e79-o1pAy ape1}Uad ‘ea]eH 
L'Sp ‘o0uely 
Z-11:9p ‘euueisoOid ‘uoNne[NuNs ‘epeueD ne uonei0jdxg 
Z7Sb *17:67 *Z-17TT °97 “9-€1 “1-018 TT€ “stu-sie1g 
6£ ‘9€ “bE ‘67 “p-€Z “6-8T-8T “Se1QeTaANOUaLI saisiaug 
€€:6 ‘juawaoe]duia1 ap saIs1auq 
€-Z]:67 ‘anbiuis3y3 a1s10uq 
Ob-6€ ‘LE{6E ‘e]2aT1e1ed UONeIIUas NO a—aAtid a1g1auq 
ZEEE ‘ASN pur ‘airesjonu a1sieug 
b-Cb-Lb -O€OP *OLE *P-€Z:ZE *€1 “8:0€ “eateg]InNu a1d1auy 
ZI-Lip] ‘Ueurexa ‘Ja1dap red suoneuIWwON 
€b:Lb *L-97 ‘L-91‘Sb -8E-0P 
'6Z ‘L-97Z:0€ ‘OI-6:1 ‘agitwIT] ‘epeueD np enbrwojye atdieug 
p1:6 ‘ewweis0id ‘uonnsedal ‘ais1aug 
CZ ‘€Z:9b “EE ‘OE ‘O7-6I1‘ Ph *SZ ‘07-61 
*L-O:LI ‘CEST Sp-€1: 1 ‘argisturu ‘sadinossay 39 SOUT] ‘aIs19Ug 
LZ ‘7-07 ‘BI ‘OT ‘vl ‘8:17 *8Z “€-7Z 
‘8:07 *O€-LZ ‘€Z-61 ‘SI “€-OT ‘9:61 *9S “S-Eb “L-9E-HI 
‘9Q61-L861 [edioutid ia8pnq ‘sadinossay 19 SauT|] ‘ais18uq 
07:61 ‘eTeuoTeU ; 
DANII] “JUsWIade|dUIaI ap SaIs1aUg 12 BIWIOUOdSE ‘aIs1aUg 


aimo—eieqieg ‘Mo1ieds 


T-O€-€€ ‘97 “ET “TTTE ‘8:8 *87:4 ‘els10Ug 

T-0€ “€7:LE ‘S9I9190S ‘“sadlAtas *9i1911I9a1q 

BT:Zb “TE “OZ “€7 “LT “TTT S-ph'SE “CELE ‘9IDIIIDe1g 
L6Z ‘S:1 “uepiseid ap ann e wonse1q 

87:1 ‘artmou0dg 

OL:Z1 ‘sajuaiug ‘jeuoise1 anbrwouo0dse jueweddojaaag 


EE:Lb SST “E767 ‘Or ‘SE ‘E-ZE ‘TZ:p ‘UOTISa ‘sazteajonU s}ay2eq 


€-7Z:07 ‘Seitegjonu siayseq 
O€:Sh *PZ:6€ ‘Op:8E ‘eiTeg]ONU s[eIIUad “JUG ‘UO wuUTTIeEG 
6-8Z:9p ‘29Id91UT UOTIedIYIgzes Vp gUIqUIOD a]9AD 
LOG Be C-lle 9-S-7 
‘gJeUOTIeUIAIUI adURISISSe,| nod epeueD-ONag uOTeI0d1075 
€€:6 ‘epeueD Np saydiayse1 ap Jeuoneu iasuo; 
‘glues Ua 19 Sa]]aINIeU SadUaIIS UA SaydIBYIeI ane 
€7:9p ‘epeueD np enbrigojoes uorssturwi07) 
€€ ‘LI ‘6:0 
‘YOIMSUNIG-NeIANON Np anb11399]9 V1d19U9, p UOISSIUIWIO7 
7-02 ‘6-8:Lb *S-b7 ‘TZ 
‘Z1:ZE ‘OL:1 ‘anbrwioje a1319u9,| ap ]O1}U0d ap UOTSsIUIWIOZ 
ZETp ‘anbruuei11g-a1quiojoy 
9:0p ‘1afoid 
“QSIpINyj iI] Ue UOTISNQUIOD & aleIpneyd “g--N ‘wWeyIeYyD 
777 “UOQrIeYD 
1€:67 ‘sanbrusay} sefesjue) 
IL‘ZE *1-07:67 ‘SerteajInu saye1juay 
€-17 “pL:Zp ‘Uogieys ne saje31jua_D 
€-ZEBE *LZ ‘Z1-0€ “etegjoNuU 1m9}9eI1 ‘NGQNWO 
1Z:Z€ ‘Tise1g 
Cr-€Z ‘Ppeuey Np sigiuIw uoleID0Ssy 
67 ‘LINLE ‘9}1911199]2,] 9p aUUaTpeUed UOTIeIDOSSY 
S7:z ‘iuasiy 
6-81:SZ py] Wnajoleg epeurDy osouly 
Q-SE:LI ‘elsisnput ‘ajueuy 
07-61 ‘I1-@b -€-ZE ‘9-p7:6€ ‘BIIAQIY 
8-LZ:L1 ‘euusedoina aeneds souady 
767 ‘87:07 ‘enbrui0ye a1319u9g,] ap ayeuONeUrajUI aUasY 
1-02-61 
“EZ:Z1 *ZE ‘Z-1TZ ‘9-S1:6 ‘als19U9,] ap ayeuoNeusaj}UI souasy 
2b °O7:LZ *€7:91 ‘17:S1 ‘awweis0lid ‘saanipaiz9e suOndy 
C-PL:LI ‘[reaes ap adnois ‘ayooiqiays uonsdy 
(juapisaid ‘png-Are3s;eQ—)q) Baequeg ‘morieds 


6-8Z:0€ ‘UOTIsOd ‘JQWq ‘uoNdasuod ‘aulajsds ‘uoIs;ndoig 
2-1 h ‘67€b ‘01-6:07 
‘a[Qi ‘anbru10je a1319U9,| ap 3]O1]U0D ap UOISSIWIWIOD “eYydYy 
SdITBI]INU SULIEUI-SNOS 
JWOD 470A *38.1np9s01d ev] ap 39 sUIWIeIZ01d Np 931WI0d-snog 
epeurey-ONag 4104 *a1jnog 
1-01 °L861-9861 
aitejuewgiddns iaspnq ‘sadinossay 19 SauTpy ‘a3 1aUq 
(sadinossay sap 
}2 SaUT|] Sap ‘aId19Uq,] ap aieistuIWI) PreyoTY ‘uosues0g 
uoredtjdd y—sjuswajsey—enbiwoje ars1aua,| 
IP FJOMUOD ap UOISSIUIWIOD 470A *2UUOINOD &] IP $3}9190S 
7UdW9}1D4 J —S2|qe]aAnoual Sais1auq_ ‘91 
‘UONeIOAUOD ‘uONIed WOD—SsUIOW | —91IWIOZ 159ND 0A 


SUIOWD] 470A “SadeusIOUII} ‘sjURjUassIday 
ajmg— du] EpeueyD Np aireyos a1819U9,p 239190¢ 


SHOUNOSSAA LA SANIW ‘AIONANGA 8¢ 


pS] “919 ‘saiquiew “epueM “UOT}eI1D 
‘JU] BPEULD Np direlos ai3.19Ug,p 9}9190¢ 


yaloid ‘jasoqieD 410A ‘uoja1g-deD np juamaddojaaap ap 319190¢ 


p-€€ ‘L-bZ ‘61-L°8 ‘epnya ‘sadinossal ja SaArasai ‘a[O11ag 
(uolsstuisue1] sey aassauuay) preydry ‘aapkug 
Sr ‘@h-Le 
‘€€ ‘6-S1 ‘OL:8E ‘UaUexa ‘anbimoU0dg ‘arteg]oNU aIs1auq 
(O11e@1UQ-O1pA}) Udy ‘UOSsTaUS 


L-7Z ‘81 ‘OT:ZE ‘Uawexe ‘anbruoUodg ‘arregjoNU atd198Uq 
1-OF ‘L-9€:€h ‘6861-8861 
9-S1:07 ‘8861-L861 
edioutid yaspnq ‘sadinossay 32 saul] ‘aId19Uq 
(enbru0ie | 
91819U9,] AP BJO1IUOD ap UOISSIWIWIOD) PIAeq “MA ‘aYyiUIS 


aduapioul “9un7q 

adAIT O[RISY AWIOJSY—SaaideTIAlid suondse 19 suUIWIeIdOId 

‘SaATIIP|III SUOTIOW—2lIISNpUI ‘Zed 19 3]0119g 

‘3Sa1 np uorssaiddns ‘/g6] a1quiaidas 6 Np uOIsI5aq 
—uoneulmiaiap ‘GNO ‘sijuapeaoxq—lainieu Zed Issnv 110A 
SUIOW] 410A ‘adeusIOWIs} “URIUaSeIday 
S-r€ ‘O€-62:97 ‘918 “JUeWIa.UeUY ‘saiquisu ‘UOT}eI1_D 

(QVddS) epeurs jo uonjerossy sizdNpoig pue Siai0[dxq [Tews 


9-SE:pE ‘UONdi19Sap ‘b-FHOdMOTS 3? €-AAOdMOTS 
Pl:07 ‘jJUaWIdUR] ap STW1ag 
S-PT-0% ‘suo eTTeISU] 
Z-17€€ “1Igely 
6:07 ‘a]O1 ‘anbruroie 31319U9,| Bp 2[O1]U0D ap UOISsTUIWIOD 
6-87: ‘UOTeTO]dxq 
8z:p ‘sadAi ‘saiteajonu siayseq 
aategponu 1m3azdea1 “AIOd MOTS 
9-Sb ‘97-PI 
‘8861-861 [edioutid yaspnq ‘sadinossay 12 saul ‘aId19uUq 
(sadinossay sap 
12 SOUL Sap ‘aid19Ug,] AP 21QISTUTW) 11aqQOY ‘AaUUTYAS 


€-Z1:Z ‘SeT[elsIsNput-OuouU! SaT[IA, 
L-SZ ‘€-Z1:Z ‘(uasjaIn) sauruers01d sap uawexd,| 
ap adreyo [1eael} ap ednoiyH np suonepueuwodsas 
12 ayelapaj ajeigurim anbry1jod ‘xneisw Ja xneigUIW 
67:7 ‘19W LP] BP IIOIP Np aduaiajuoyD 
97:7 “uoqreYyD 
(a9ATY []e2MOg—xOWIOD— dN) ey ‘ATTA4S 
B5LS erCG 
‘OZ-91:97 ‘apnia ‘suede ‘sargIUTUN 19 Sa1gTTONEd sallsnpu] 
(epeued jo uoneossy wWnaoijag 1UspuedapuU]) UOY ‘sIyJIS 
Bpeuey-O119g 410A “WRIT, ‘Suagais 
Or-L€ “€-O€ ‘1Z:§ “epnia ‘sadinossal ja SaAIISay 
Op-LE ‘Z-1E ‘1Z'¢ ‘A10119d 
(sadinossay sap 12 sauT|] Sap ‘a1d190Uq,] ap arstuTW 
np asejuswayied arteiaisas ‘eoseqeyiw—Jd) 4oef ‘spyarys 


oe J—euualoe 
313 19Uq—S2]Qe[aanoual Sats1eu_ 470A “3UQC ‘S|[eq UIIAIS 


guotssatg—stuy)-sierg 

0A (WddNd) 107 ‘sanbiz10d ‘uo1je;Uaua[3al ‘sottqnd sadtAs1asg 
epeur) 

jO uOTNeIDOSsy SiadNpoig pure sidi0jdxgq [[eWS 104 ‘“OWdaS 


dIdIIUI,| ap TEUONLU Bd1JO 410, ‘apneyD ‘aypiAauuas 


O€-62 ‘9-SZ:L ‘apnia ‘sadinossai 1a SadtasaI ‘ajOIag 
8-LZ ‘7-02 ‘OT-6:1€ ‘UeuTexa ‘anbiwou0dse ‘asregjonu ars1auq 
(a181aua,] ap jeuONeU ad13Q) yIeW ‘Te8ag 


jusWa.UeULy 
—uoneiojdxa ‘zed 12 a]0119g—sad10an ap sueg issnD 110A 
b-€L bp “alas ‘gigID0s “prq T1O AysnH 
L-97 ‘S-bl-pp ‘UONeNis ‘satrisnpuy AaTTeA Mog 
apuewap ‘suoljueAqns 
91:9¢ ‘1aoddes ‘au1de943q 
81:61 91TWIOD 
9] red sapueuiap saitejuawiajddns sjuawausiasuay 
87 ‘07-81-61 “UONeSTINA 
81°61 -8E-P1 “UONeSOTTe *¢ suOT]]IW OC 
sasuedep sap jespng 
LET “9198 
‘uoneinw ‘jauuosiad ‘aaissais01d uontiedsip ‘uonensiuimpy 
IL:61 ‘a1enbue ‘snqy 
(dSadd) awwmesz01d ‘yuawasesnosua ‘191[0.139d 1n333Eg 


apnig—inoj—uoneiusawasey 
—<dlIsnpul ‘aitegjonu ais1auq 410, ‘apna ‘YOOAS 


AIIWIOD 410A *“UOT}SIULSIO, p adDUBIS 


71ST ‘UOHeNIIS 
yafoud ‘spanyuds [Bod e095 
juawmasinoquiai ‘inofas 
ap 19 JUaWIade|dap ap ste1j—suUIOUIa]—dIIWIOZ ISSND 110A 
€€-S:1T ‘epnig ‘sadinossai1 ja SaAtasai ‘3]O119g 
(jauuosiad 3131) & UIOWIa}) “W ArUazy ‘azapnyag 


€T-p ‘a]0119g 
Z-O1 ‘8:p ‘yefoid ‘uonesiioyeA ap auisn ‘duy AdIaUy apeInMeN 
EL: “B1QI90s “pry [IO AYsnH 
b-O1 ‘8°b °L861-9861 
ai1ejuauaddns jaspnq ‘sadinossay 12 saul] ‘ais10ug 
(uaIpeued PION Np 19 SauUaIpUT SalIejyy Sep aTisTuIwW np 
a1Te}UsWa{Ied J1TejI1DAS ‘UIMTYSeIaM—)d) UBS ‘19B19quaT[aYyIS 


uolsad ‘saileajonu siayseq 470A *3UQ ‘Y8no010gG.1e95 


1 Sad 470A *93t[[93eS 


SUIOWD] 4704 ‘SadeUsIOUII} ‘s}UR UasaIday 
‘IU] UOTILIDOSSy ZuIUIA, UBMIYIZEYSES 


Nvasay—AID11193[q ISSND 410A 
8-L1:9p ‘InayeA ‘syuswasi3 ‘wnueI 
OL:Op ‘UOTIENIIs ‘alIsNput ‘assei0g 
SIDURAL ‘[elapaj JUBWISUIBANOH 
—juswasueUlj—ialoid ‘uonestioyeA ap autsn 
“Quy Ad1aUq epeIHMaN 410, ‘asIsiuIw ‘sau 12 s1d10Uq 
OL:Zp ‘a8e1uasinod ‘sauuatpeued saasasal ‘uogieyy) 
UBMIYIIEYSeS 
€€-SZ ‘€Z-L1 ‘11-S:Zp ‘uauexa ‘anbiwouo0de ‘aireg]onu aIg10ugq 
(R1]V-SUeIL) 13z]e A ‘efuodes 


Lob 
‘SUOISIAGIG ‘sjUaUASSIISAAUTI ‘INayeA Ua astu 1a UOTeIO;dxq 
S19y}01g UOWOTES 


O1-6:SE ‘SAileajonNu sina\oeey 
azimg—Any ‘uarynf-3§ 


Le SAOANOSSAY LA SANIW “AIONANGA 


II-6:S€ ‘alteajonu eyemUad “1UO ‘uoiYydjoY ‘dN 
C-€1:% ‘Saul 
C-€1:7 ‘(uasjaIN) sawuTeIs01d sap UaUIexd,| 
ap ad1eyd [leave ap adnoiyH np suonepueuwodsal 
12 afe1apaj aferguTW enbitjod ‘xneigw 1a xneigUI| 
C-€L:% ‘SaTeuotjeussjuy 1a30y saurysep| 
I-OL:S€ ‘ertegjonu afemUusd “ano ‘AT]WUeyH 
IT-6:S€ ‘8861-L861 
airejueug|ddns jaspnq ‘sasinossay 1a saul ‘aid1oug 
(iquiqy—Dd) Any ‘uarnf-3¢ 
O€-67-7b 
‘anbrues10 JUaWASsIpIOIjaI & InaideaI ‘UOTINRII Xa ‘aUINIIG 
xXNauUTUIN}IG Ssayqes 


O¢-piEEe ‘UsUIeXxa ‘anbiwOUOode ‘aiIeaj}onU aigiaug 
€ZEE ‘Sjauuorssajoid syuapssaiuy 
(aqoig A8iauq) WION ‘urqny 


Op ‘C-1 1:8 ‘UauIexa ‘anbrwoUO0d9 ‘alIeaTINU aIss8uy 
(o11e1UQ-O1pAH) YUP ‘uUBWMIyI0y 
b-EZ “IZ-81'Sb 
‘6861-8861 Tedioutid yaspnq ‘sadinossay 1a sur ‘ats1aug 
(aau1Wr] ‘epeued np anbiwoje arsiaugq) eag ‘1aduisoy 


6-81-TE ‘einpgso01g 
8-LZ ‘6-SL:1¢ ‘Ueuexa ‘anbrwouo0dse ‘arreajonu aisi0ug 
8-LZ “L-STTE “9H9ADa1q 
(10peigey 
—Aeg aYyYM—S[e4 puerj—T) wena “‘uoy ‘Kayduoy 
pLi€e ‘eiteayonu ayesuss “g-"N ‘neaiday ajuro0g 
C-bL:€€ ‘YOIMSuNIg-neIsanoy 
1E:€E ‘LISNpUL ‘arTeejINuU sid198Uq 
I€ ‘S-pL:e¢ ‘UsuIexea ‘anbrwouo0dse ‘ai1eajonu aigiauq 
(Uuay—pur]iouisajA—7J) PUBUIIT ‘pneysiqoy 


€-ZE:L1 ‘UOTIsOd ‘yuaWIAUIBANOS ‘saWg]qQO1g 
UIe}9,P 9UTU “AN “WOsTY Ory 


epeue’) np anbigojoes uOIssIWIWIOD + LAIWNVO 
0A ‘ys0dde. ‘preaes ap adno.is ‘sajjainjeu sadinossay 


11:07 ‘xneunqti} sa] JURAap aianbay 
6-L:€¢ “UOTIISOg 
aqgoig A81auq 
9E°bE ‘1-01-67 ‘SuoIIsodsiq 
L-9¢-pE ‘UOTIISOd ‘auUaTpeURD d1Iva]INU UOTILIDOSSY 
PEILE ‘8]OI ‘BI1911199]9,] ap euUsTpeued uONeIDOSsy ‘uondopy 
107] ‘aireajaInu az[Iqesuodsay 


aireajanu 
ayesjuad “WUC ‘“BuLIayxdIg ‘STU -S}81q ‘aiTegjInu ayesjuad 
‘ju ‘uoIUTTIeG ‘s1IeaTINU a[e1]UAd “JUG ‘adNIg ISSND 410A 
ZZ:Lh ‘21ISS299N 
Lp ‘Tr€h ‘11:07 
‘ajo1 ‘anbru10ie 31319U9,] Ip 9]01]U0D ap UOISSTWIWIO7) 
‘UOTIeN]eAIaY 
CELE *Z1°ZE -9-SE-67 ‘AI WTT 
01-6:8¢ ‘UOTIISOd ‘o11e1UQ-OIpAPY 
77:Lp BOUT] 
alivgjonu az1pIqesuodsay 


algsnpul 
‘2e8 12 ajonag ‘sialordesajj—zes 10 B]O119g 185ND 110A 
a1NG—9]edISl IWIOJIY 


6-81 °8:LZ ‘83U8A ap axel 

61:9% ‘OVdI.] 1ed sanbrurou0dse saree sap 
12 sadueUY Sap 911WI0D ne ajuasaid a11OWIaW ‘suOISsno1aday 
O1-8:L7 ‘e]o110d Np aaisisse uONeIednIay 

0€:9] ‘uoTsad3ns ‘uonedionszed 
‘epeuey jo uonersossy siadojaAaq pue si0jsadsoig 
07:4 ‘adioutsg 
O€:9T ‘UOTIeUAaSIIg 
81 ‘El ‘6:LZ ‘@ydIeW Ua ast ap a[seaI ‘siafordesayy 
6-8:47 ‘suoTioNpaq 

6-81 ‘€-Z1 ‘OI-L:47 ‘suolepueWIWOdaI 
32 uorisod ‘epeuey np aietjomed uonesossy 

IUD]G a4alT ‘a[VIsly IWIOJaY 


SINdINSSW—epeUe)-O113g 1SSND 410A 
€1:SZ ‘eurediszawie aia11do01g 
9}9190S ‘asnoyuas ps0y 


anbiwi0ie v1d19ua,] ap ayo11U09 
ap UOISSIWIWIOD 470A ‘aWIUIe.I30.1d ‘anbiIyeWI9aY} aYydI9IYIOY 


sailegjonu sinajoeay ‘epeued-o1iag 

‘QITeJ]INU I1s1IUY—YoIMSUNIGg-neaanon ‘sayqeyaanoual 

saisioug ‘juawecr|dwias ap saigiauq ‘a1snpur 

‘auregjonu aigieug ‘sei ‘epeueg np enbrwoje a81auq 
‘gUdIIaTq ‘wuogIeyD 470, *yuawiaddojaaap 39 ayssayI0y 


O€-p:LE ‘UaWIexa ‘anbrwoUo0de ‘aiteajINuU sI1d18Uq 
(31911199]9,[ Ip FUUaTPeUed UOTIeIDOSSY) BdeTTEAA ‘Peay 


pueys] aA eeIyL ‘[AqousaysL ‘AyYOdMOTS 
‘O1L81IUO ‘GdN ‘Aueduio0D I111931q BIIOY ‘QGNVD 2SSND 410A 
$7767 ‘SITepow ‘syesUOd ‘1asueIIa,] & SalUaA 
apino] 
neq 7a aQusnquioy auuonjuawsns 34]1] a] SNOS 1SSND 110A 
Elbe ‘UONeSTINA) 
L-OL bE ‘UONeWIOJUI,p sadueYde ‘sInaesITuy 
DEBE “SE“EE “6°ZE “ST:OE *8-L7Z:67 “912 ‘simod ‘sadAy, 
LI:Lp ‘Saouenbasuos ‘ainjdny 
S-pZLp ‘UOTeIOIfauIe ‘aureisds ‘ajo1U0D 
3910} ap saqn |, 
C-p:0€ “aTeTpuow uoTieNiI¢ 
8-LT-0€ ‘AUaproul ‘sjuapisoe 
‘saTleg]INU SIN3}IeaI ‘puUR]S] B[V 92eIY,] 12 [AqoussyI I] 
0Z-61:0€ ‘sepniginbur ‘orjqng 
8-9:7E 
‘07:07 ‘2101 ‘anbiwi0ie a1318U9,] Ip 370.1109 ap uOTSSIWWIOD 
O7-61:07 “8191109 “a}1AINdag 
O-€€ ‘2101 ‘JUaWIaUIaANOS ‘JUaUIaddoTaAap 19 aYydIBYIOY 
IV€E ‘«INs-es1[N Inajdeay» 
9-PL pe ‘g11AgsU0T 
C-Pe-€E “SUOTIIPUOd ‘aINjIUII34 
L-9:€€ ‘aUtTIQeindut ‘sinod ‘uonowold ‘suonei0dxy 
OL-pE ‘JalIpueyes ‘usnemuq 
JUBUIASSE[IIG] BPUUONUIWSNS 3491] 3] SNOS 1SSND 410A 
L-97: Lb -61:S¢ “UOTesTIN| 
02-61°62 ‘sein 
€-C£-67 
‘suorsidaid ‘uonestiiin ‘ajuejjiInog nea ja uorssaid snos neq 
6Z:0€ ‘Teyides ua inoy 
apano] neg 
BSE “UOTIENIIS 
a7IN§G—j Usuasse [seq 
371NG—SaAeajINu s.inazeIy 


SHOaNOSSAA LA SANIW ‘AIOWANA AS 


01-6:S¢ ‘Wodsuv3y ‘apinoy neg 
jUSUTaSse[IIq 
ST p|e ‘adeiuaoinod ‘saireayonu siayseq 
8-LUZE ‘Sasned ‘stejap ‘uoTIONIIsSUOD 
OZ:8E ‘SUOTSIOaId ‘UOTIeSTITN ‘wNTURIN ‘a}qusnqwuioD 
SdITBI[INU $.1nazIVIy 


8I-pT ‘UOISNITY 
awuei301d ‘uOSTeU ‘0007-U 

OZ-61 ‘LISLZ ‘epnie ‘iuaae ‘saratutul 1a Saratjomad sarsnpuy 
(epeuey np aietjoned uoneisossy) ayI ‘TysSNIeY 


ZIZ-L:Sb ‘((uonesynsAwap ‘ai1ea]oNuU a1s19U9) IWIIXIq 
€:9b “(6861-8861 
jedrourid ja8pnq ‘sadinossai 1a SaUTUI ‘aId19Ua) BUTGIANAN 
L-9-pb “9 
bZ1-1:8Z ‘(Sadinossas 1a SaArasai ‘ajoned) sweniny 
p:SZ ‘(8861-L861 
yedroutid ja8pnq ‘sadinossay 12 sauT ‘atsiauq) auraidas 
¢:07 ‘(senbijqnd sanpuai sojd siny & SUOTILIAQITaP) SUIIIXIS 
€:LI ‘(at8199,] Bp [eEUONU JdIO,] & 19 SINa}eulUIexa,p 
UOISSIUIWIOD kB] & 1aIDap ed suoneuImoU) aueInbulD 
ppl ‘(eeitury ‘epeued 
np anbruioje aig190uq,] & 1219ep ed suoneulWOU) aweIneNndD 
“ 9z:g ‘(epeuen-oneg & 12 atd19u9,| 
ap JeuoTIeU B94jJO,] & 12819ap red suOTJeUTWIOU) dUTgISIOI], 
61-£:9 ‘((UasTaIN) SeuruTeIs0I1d Sap UaWIeXa,] 
ap asieyo [eae ap adnoiy np suonepuewuwodsas 
‘grelapajy ayergurw anbutjod ‘xnejaw 1a xneigUIW) awWeIxnag 
p:Z ‘(ats19uUa,| ap JeUOTILU AdTJO,| & 3a SedINOSsay sap 
12 SAUT|Y Sep ‘aId19Uq,| IP ela}STUIW Ne ‘aaiIUIT] ‘epeueD 
np anbiwoje aig1auq,| & ‘anbiwioye et813uUa,| ap eTo11U09 
ap UOISSIWMIWIOD ke] & Ja1dap red suoteUTWOU) IaIWeIg 
aiquieyy ev] & sju0ddey 


aaiIwWIT] ‘epeuedy np anbrwoie aisiaug 4720, ‘“Si1yy ‘ory 


O1-6°9€ ‘}UsWIs.UeUL 
9-Se:pT ‘uoritsod ‘aiaisturu ‘sadinossay 12 sauTj ‘ats19uq 
O1:9€ {6Z:LT ‘uondi19seq 

jofoad “LySUVaVa 


107 ‘sanbriyjod ‘uoneiuewayses ‘soijqnd sadtaiag 4104 "WddNd 
airegjonu sisiauq 7077jd 410A “dALe9]INU sduEssINg 
auuessoid ‘uonejnutis ‘epeuey ne uoneiojdxy 4104 ‘DaSd 
82 ‘7 “7-12 
‘61 ‘OL:9Z ‘apnia ‘I1UaAe ‘SsargIUTW 19 Sa1at;OIed satrisnpu] 
(epeuey jo uoleIs0ssy WInaoieg Juapuadapu]) yd0¢ ‘uako1g 


IUDIG a4a1T ‘ATeIST] BWIIOJaY *°91a “UOT}EIOAUOS 
‘uonniedw0j—sulowas ]—al1W0D ‘alIssadeu 
‘UdTJUIEW—OWIWIPISOIA ‘SAATIIPIIIIV SUOTIDY 1891 410A 
6L:E7 {p91 ‘oANeiUesoiday 
SUIOWa] 410A “sadeusIOWa) ‘sjURIUaSIIday 
L-9LST ‘suotsn Ty 
(QVdd) Bpeurs jo uonjerdossy siadojaaeg pue $10}d9dso0.ig 
C1:6] ‘SedInos ‘juewWa.UeUY ‘JusUII0e|d Way 
S1:61 ‘gityiqiuodsip ‘uonenyeag 
S-p1:61 ‘uortredsiq 
(aqudd) 
aume1z01d ‘uotsuedxea ‘UOIINGL.I4SIp ap xnvasa.1 ‘auedo1g 


SAITEJTINU UONLAISIUIWIPE 19 BJOIJUOD 410A ‘pI-D 10] ap jefo1g 


jusUINSOp ‘nppuDD np aaivajonu 

amuDssouid ND [Ddapaf duamausaanos np aaiouvurf jaoddv,} 

ap nsaady 10mjd 410A *yUaWINDOp ‘[o4apaf Juawmauszaanos np 
Annupurf j40ddv,) ap n54adp ‘pppuvg) np aaivajonu amuvs301g 


Jeuoneusajul auweIs01d ‘asepuos ‘sulew spuo, jo7d 
410A ‘SULIVW SPUOJ Sap asepuos ap [euoHeusI}UI sWUIWIe.IZ01g 


S}UBWASSIISIAU[—" PI] UINa[OIag epeuery OdOUTY 2SSND 110A 
7 ‘LS ‘97 ‘O7:€ ‘suotstseid ‘joed wy] 
Z-I ppl ‘uorsadsns ‘paid ims astur ‘auuop1005 

(Nad) [euoneu anbiyas10u9 auWeIZ01g 


auueisoid ‘uorsuedxa 
‘UOTINIIISIp ap xneasai ‘auedo1g 7OjNjd 104 “(GUaAd) 
auedoid np uoIjngl13sIp ap xnvasa.1 sap uoisuedxa,p amuie1301g 


auueis01d 
‘uolie[NUINs ‘epeueDy nv uoneiojdxyg 10nd 410, 
‘(OaSd) BpeueD ne uonjes0/dxa,| ap uone[NuNs ap swues1301g 


ayd1ayIayY—enbiwoie a1s1aua,| ap a7011u09 
ap UOISSIUIWOZ 470A ‘aNbIWBW9Y} aYydAIYyIeI ap aUIWIe.ZOIg 


awmueIdoid ‘juaWaseINOdUA ‘Ia1]ONIEed 1najdag 7OmN]d 
410A “(dSAd) 191[0139d 1najdas Np juewase.1NOdUa,p sUIWIeIZ01g 


uarpeues 
suIUMIeIdOId ‘yUsWIISeINODUA ‘INIA Ud ast Ja UOTIe10[dxa 
‘ze3 12 3]0ONIg 10mm)d 0A “(AWAADd) INapea ua astw 

RB] & 3a UOIeIO[dx9,] & JUIWAZEINOIUA,p UaIpeULD sUTWIeAZOIg 


awmuweisoid ‘uonnsedas 
‘aisioug 4704 ‘aweAZ0Id ‘U01;1}.1ed 91 ‘s1atjo1jad s}inpoig 


IIISNPUI ‘SaUT| 470A *XnaiasuEp syINpoig 


T€ ‘saidope ‘o¢:¢ ‘(if ‘sayMepy) “WI ‘aIQuION 
8 ‘9-C:] ‘uotssaidwiy 
SasvUusIOUls} }9 XNEG.12A-SId01g 
6-8I-TE 
‘8-L:61 ‘apnia,] @ yafns np iafqgo,] sed iuestey au suonsandg 
INWIOD 107Nj]d 104 “JUIWIIUUOT} DUO} 
nev }39 UOTIVSIURSIO,| & SAATIETAI SUOTISaNDb ‘ai1WOD 
JUdUIITZey 39 9INpId0.1g 


SjusUeUIad SaIIWIOD—aIs19U9,] ap [RUOTIEU AdYJO IssND 110A 
ve 
‘OZ ‘EZ ‘1-07 “L-91 “9-S:L “Apnia ‘sadinossai ja Saatasas ‘3]0119g 
le 
‘L-pZ ‘07-91 ‘6-b:1€ ‘UaWexa ‘anbrwouode ‘alresyonu s1318uUq 
€Z-LI ‘S1-S:€b ‘6861-8861 
L7-91 ‘pI-b:17 “8861-2861 
Jedisutid yaspnq ‘sadinossay 19 saul ‘aI819Uq 
(a1d19u9,] ap [euOTIeU ad1jO) puejoy ‘a[PPlad 
10J—2elteayonu 
giiqesuodsay—siuy}-sieig 410, *107] ‘uossapuy-ddtig 
C£-62 ‘1-07:L1 
‘8861-L861 ediduiid ia3pnq ‘sadinossay 19 saul ‘a1310Uq 
(sadInossay Sap 3a Saul] Sap ‘a1s10ug,] ap aieistulw) Avy ‘ad11g 


Ob-S:¢ ‘apnia ‘sadinossal 13 S9A19S91 ‘3]O119g 
(919190s “pry [10 A¥sn}) wy ‘aot 


6-81-TE 
‘8-161 ‘apnia,] & iafns np ialgo,] sed yuestey au suOTIsANH 
(SUOTIvIR]IIP 19 SUOISIDaP) JUapIsatg 


s¢ SAONNOSSAA LA SANIW ‘AIONANA 


1Z:§] ‘uondasuos ‘inafoau0D 
AAIUIYIVJ] ALITeIg 


€€:€7 ‘Apnig ‘atujsnput “saul 
(UO ‘SUIWIWIT] Bp B1IeW1) 10191, ‘AaMOg 


prez ‘apni ‘aliisnpul ‘saul 
(assodq-a]]2AnNoN ke] ap }UaUIaUIBANOS 
‘xnNeIQUI| SAP 12 SOUT SAP B1QISTUIU) PAeYTY ‘19330 


UCMIYIILYSES ‘YIIMSUNIG-NVIANOW 15897D 410A 
Q]:9p ‘AduapIouUl ‘plodsdy ‘UTedIIgUTe-OpeUed BdUeYdI-31qI'] 
L-91:9p ‘SAInsau-311Uu07 
9-Sz:s} ‘Suiduinpnue ajureyd ‘stup-sieig 
aliysnpur ‘assej0g 


0S-6p:9 ‘Sourjedig epeuensuely 
L-9E:E] ‘SedInNOSsSay epeueDy Odexa] 
LUE ‘919190s ‘apnazsucS 
8-L:Sb “P7:Zp “Opens 
S-VE-97 
‘epeues jo uoneI0Sssy SiadNpolg puke sia10;dxg [Jews 
QE:pE ‘IOT ‘aategjonu gitfiqesuodsay 
9z:¢ ‘jeuoneu enbyes19ua suUIWIeId01g 
6-¢2z:g ‘“yeloid ‘spy avjog 
I-Ol:Sp ‘eiteajonu ayemUss “g-"N ‘neaiday] aiu10g 
S-pE:Ep ‘e1leagjoNuU sye1UId “UC ‘SulsayII1qg 
Z-1Z:97 ‘alsysnpul ‘ze3 1a ajo 
ZL-9¢ ‘UsIpeues suIWeIZ01d 
‘INa]eA Ua aSTUI 1a UOTJeIO]dxe “JUaWIadeINOSUA ‘Zed 12 B[OII9g 
b-7781 +L-9€ ‘77 “O7-BI1°€T 
‘6-87 ‘OZ-61 “LITT *€-ZE “17-81°6 *S-7Z “6°8 “7-174 
‘1S-6b:9 ‘8-9Z:S *L-97:€ ‘apNia “sadinossal ja S9A1ASAy 
EZB1 *L-97*S ‘210119 
6-ZZ:SZ ‘apnia ‘og6] Januue 110ddei ‘epeued-o10g 
bLiLp ‘(e1eH UOISsIWUIWIOD) MaIAaY Ajajes IeapINN OlIeUO 
L-97-6€ ‘O11B1UO 
Z-OL:£p ‘als19ua,| ap JeuoTIeU BIO 
SL:s¢ ‘erteagjonu snaideel “UC ‘uoIyd]OY ‘dN 
6¢ ‘plip ‘UONeSsTIOTeA ap autsn ‘dul ASidUg apeInMaN 
Ip-€Z ‘epnie ‘alsnpul ‘sautj 
p7:g ‘anbixaypy 
61:11 “uel] 
IP-6€ ‘8-ST:L7 -S-rE 
‘7-1 7:97 ‘epnia ‘1UaAe ‘saigIUTIW 19 SaretjOIjed Satuisnpu] 
8-SI:LZ ‘Nuasal a] ans 10odwy] 
SUT ILE ‘ejuajugq ‘x1id 1a saysiew ‘yamnieu zeH 
7Z:L *0S-6b:9 “LZ7€ “JeInieu zeH 
LU IT ‘stuy-sieig 
pZ:Sz ‘aouessy 
6Z:€E ‘eQo1g Adi0euq 
€-ZZ:R] ‘SatqejaAnoual saisisuq 
L726. ‘A[aTTe1ed uote19UEd NO agalid a1gi0uq 
IZ:b€ $L-91:07 ‘alasnpur ‘astegjonu arsieug 
62 ‘b-ET:Lb S-E7:7P 
‘6-BE ‘ZE ‘LZ “EZ “BUT b ALE “S-PE “b-E7-Ob *L-97-6E -9E 
‘IZ-LUpE “6-STEE *9-P1°ZE *6-8Z1E ‘UeuTexa ‘anbrmou0sg 
LE ‘S-bE:0b ‘81:07 ‘aaleg[onu ard1aug 
Q-SZ:Sp ‘aeiTWIIY ‘epeueD np anbiwoie aigi90uq 
PZ-p] ‘A1gISIUTUI ‘SadINOssay 128 SOUT] ‘aigiaug 
Z1°9€ *S1:SE ‘8861-L861 
aimg—ailejuawajddns yas3png 
a1mg—sadinossay 12 SaUTP] ‘aId19Uq 
a1N$—qog ‘13310g 


6€ ‘O€-62 ‘S-bI°b ‘1861-9861 
aiejuawg|ddns 1e3png 
9-SZ ‘TI-L?Sb *8-r€ “‘OZ-61 “b-O1'€h ‘6861-8861 
8-91:07 *1-0€ ‘S-b1 ‘ZI:ST *S-pZ:bT ‘8861-L861 
jedrourid ya8png 
SadINOssay 32 SIUT|] ‘BIs10Uq 
6-8E-TP *L-97EE *6-B7TTE “TZ:L ‘a1d10Ug 
BE “PE “LZ ‘EZ ‘“BIFIb ‘QHD111991g 
L-SE-Eb :O€-6Z: ‘UOTISAd ‘sa1TesTINU S}aysaq 
9-SE “b-€7:0b 
‘yOIMSUNIG-NeaANON Np anbis1}da]9 V1d19uU9, p UOISSIUIWIOZ 
8-L:ep 
‘C$-pl:ZE ‘anbiwioye a1d18uUa,| ap 219.1309 ap UOISsIWWIO?D 
IE:ST ‘xNeigUIW Sap aUTyD-epeUeyD jueipnsuOs 9110 
PCTP “Pl ‘TI:S] “UoqieyD 
S-€7:7p ‘UOGIeYS ne sajemjuay 
7ZL ‘Sjueinqie) 
T-O1‘Sp “artegjInU Im|i9e81 ‘QGQNVO 
ZZET ‘SadIOaH ep sueg 
P77 :97:6E “P1IIqQTV 
€L:Lp ‘2129190s ‘oo1Ty 
€-ZE ‘1Z-81:6 ‘atd190U9,] ap ayeuoNeulsiul auady 
T-0€:S] ‘auwess01d ‘saaIpais9e suONoy 
(eH eUIsIpaWw—Jd) Gog ‘19310 
uonses ‘saitegjonu Sjayseq 4170, °1UQC ‘adoy 310g 


UOTIRSI[I7—2rTdo;OuYyIa |, 
— 9SIpIn]y i] ua UOTISNQWIOD 47104 “A-"N ‘AangsayMeH 310g 


UOT}SaB ‘SaiTegjINU S19Y4dEq 410A *3UCO ‘Kquesy 310g 
ai1usd1J—uo0qieyD ‘a11nJ—uogieYd ne sayenuay 10,4 “WONT Og 


87-8 ‘SUOTITPUOD ‘aITTTIgQRTA 
9-SZ ‘¢:g ‘uoneiuasaid ‘ANO,] & aenbey 
SUIOWA] 470A ‘SedeusIOWa} ‘siue}UasaIday 
€7:8 “1a ‘JUaWaUUOIIAUA,] INS suOIssno1eday 
67:8 ‘BiISsad9U ‘dW191 BUC] & $1211 U0D ‘azITIQuIUaY 
€€:8 “BJOI ‘JUaMIIUIBANOH 
Ce ‘SZ ‘9O-C:g ‘JUaWIADUeUIA 
€-0€ *S:g ‘uondt19saq 
bE ‘SZ “EZ: ‘SuorstAgad ‘sinoD 
9-SZ ‘9:8 ‘1elIpus|ey 
C-b8 ‘sing 
jefoid ‘spy avjog 
pl€¢ ‘uontsod ‘o1qng 
6:Sp ‘woINOA “jafo1g 
0Z-61:0F ‘SuOIsIdgid ‘sagsesiaua suondg 
97 ‘77:0 ‘SNye1 
‘uonedronsed ‘assorg-a]]aanon 13 prenopy-edulig-Np-2al] 
Il ‘6:Sb ‘€-1Z:0b ‘1-O€:hI ‘Sadrnos ‘uawasueuly 
SI-€€ *ZE-1 
‘uonedroiied ‘agqiwry ‘epeued np anbrwoje aig1auq 
1-01 Sp ‘19819uRIYyIq 
Li€¢ ‘21qesuodsa. ‘uorsiseq 
Ob-6€ ‘0Z:0p ‘SuoIsiagid ‘sinoD 
I-OT‘Sp -87-pT ‘SuoTIpuod 
uoldN41ySUOd ‘J; Neaiday 
€Z ‘81:0p ‘1a19ueUYy anbsry 
O€-0F ‘UOHeTAUT ‘dI1Gng 
a1mg—yj neaidey 
a1Mm§—aileajInu ajesjuad “g-\ ‘neaiday ajuU10g 


SAONNOSSAA LA SANIW ‘AIDNANG ve 


81:0p ‘g1911do1g 
€1 8 ‘S:Op ‘UONONpold 
€-ZL-Op ‘UeWeINIDa1 ‘;aUUOS13q 
81-Op ‘SuOnesT{Iqow wy] 
Z-1¢:0p ‘Seouanbasuod ‘asayiodAy ‘airei0dwia} ainjawisaf 
8-91 ‘8 ‘S:OF *EE:b1 ‘SuONeiIodxg 
€-O1:0p ‘anbis0ist}H 
LUEE ‘UONesaTIe ‘anjaj1e} UOISISaq 
9-rT ‘Z1:0P *SINOD 
yoIMsuNIg-Neaanon np anbi33a]9 
a1d19u9,p UOISSIUIWIOD ke] Jed uOT}EII0]dxa 1a UOTIONIsUOD 
| neaiday 
L:0¢ ‘Sie1[Nset “YUaWeUUOTIIUO 4 
LZ0p ‘UOTISad ‘saiteajonu si}aysaq 
aIeg[oNu afv.1zuedd “g-"NY ‘nvaiday] azulog 


awiwieis01d ‘3113} PB] ap SadUAaIOS 9 xNeIBUI| 4104 “LSWd 
sastidaijua sauuaXkOW 32 Saitiag 4104 “AWd 


O:9p ‘UOTIeNnuNUO) 
awe 101d ‘uUOT;INpa. ‘Ssapide sain] g 


9:9p ‘UOISIASI ‘apna, p 1ef01g 
airepod [e}JUIUIZUOD NvazeI[g 


8-Li€b ‘81:17 “ANO.1 ep uoNejusme|soy 
6z:9 ‘seutjedid sa] ims apnia,p adno1n np 
yoddes ‘uonesedas ‘uonesiesrauIWi0d 12 110dsued} ‘sa1IATIOV 
$9}9190s ‘sautjadig 


adnoing—dia ‘saitAtj9e 

‘UOTIeIID—polwiiry suNIxIRY SEH Usaisam ‘SaANIY 

—s919100S ‘sautjadig ‘uoneuruiaiap ‘QNO ‘siuapeoxy 
—yjainieu zen 10, *+y10dde. ‘apnje,p adnoid ‘sautjadig 


sourjedig epeurgsuely ‘stup-sieig xne 
suoneiiodxy—yainjeu zey ‘epeued prmeued) 470, “sautjedig 
UOTIEIIOUL, p SJUsWoTed ‘uOIsUedxa ‘saydIeW ‘ZED 410A *“NWAld 
Lb ‘b-€b'€p 
‘ajoi ‘anbrw103e a1319U9,| VP 3[Q11U05 ap UOISsIWMIWIOD 
LT:Lb ‘O€-67'Sb ‘Ob-8E “S-PE ‘OE:€h “99I9T9998 UOTILIOII919q 
L€:Sp ‘a11WI0D 2] Jed sapuewoap sjusuIaUsIasual ‘sjnOD 
2910} ep saqn | 
6¢ ‘L-9€:Lp ‘UOTIeSTUIapOU ‘auIaisAS ‘311INDag 
€L:ZE ‘aouesInsse ‘aiteasjonu aitjiqesuodsay 
6-8E:Lp ‘SuOSsTe1 ‘x10Yyd ‘WuawWade|dwg 
aITEIJINU gfe1}UId “4UGC ‘BUIIIydIg 


IZ:8T “912 ‘sarlAoW 
unso.1}39g 


6-87: ‘enbriijod ‘aiuaa ‘sai1a190¢ 
ST “L:97 ‘uOneNIIS 
1-0€-97 
‘gouaproul ‘uaipeued swiwieiso0id ‘juawaseinosua 
‘Ina[eA Ua ast 12 UOTIeIO[Axa ‘zed 1a B[O119g 
0€-62:97 ‘enbis0istH 
jueuadueUy ‘sasiidatiua sauuakow 32 Sailiag 
S1:9Z ‘SuUOTIIPUOD ‘astida1 ‘sjUaUTASsI}SaA U] 
sastidaiua 
sauUaXkOU 12 $a}1}9g PUUONUIWSNS 34]11 2] SNOS 1SSND 410A 
8-91:97 ‘SadInNO0S 
quowesueUly 
a71N§—alAjsnpul ‘zeB 49 9]0.130g 


8-L1:97 “uonesITnA 
L-0€:9Z ‘SUOnepueWWOdaI 1a UOTITSOd 
‘epeue, jo uoneisossy SizdNpoig pue siai0;dxq [jews 
7CZ-9T-9Z ‘SUOTIEPULUIWIOSAI 49 
uortsod ‘epeued jo uonelsossy unajoiag juapuedapuy] 
IUaPIOUl ‘9uD]q a4alT [RIS BWIOJIY 
LE:97 ‘jisnge rojdury 
sagida[tAlid suomoe 19 aWWeIZOId ‘saATIIpaI9.e SUOTIOY 
alIISNpuUl ‘ZS 49 B[O1j9g 


juawesueuy ‘sastidamua 
sauudkowl 19 Saitiag—aliisn pul ‘Ze3 1a a]OIjag 1SSND 410A 
Tipp STN 

SJUIWII[SIY PUUONUIWSNS 3411] a] SNOS 1SSND 0A 

Z-17:PI ‘Sag[NW10} sapnjainbut ‘sarreaoUrTW SalTeUUOTIOy 
$939TIO$ 
ZI ‘S:9¢ ‘xneidads 1a spauuOrssajoid sad1Aras 

6:61 ‘SeeTdOSse $319190¢$ 

9:61 ‘Uoneotqnd Yuaumns0q 
sjUsW9[32y 
1Z:¢1 ‘suontsodstp ‘sao10} syeyoey 
9:61 ‘Z-0Z:b] ‘uoTeUesead ‘10] ap raf01g 
OL:6T ‘SUOTIeITNSUOD ‘aINsnpuUl ‘3ajomE8g 
9:61 ‘e1ep “aIANa0 Ua asIW 
ZI ‘S-b:9€ :1-O1:61 *8-L7-PT ‘SuoTUaAQns ap sapuewiag 
Oph *7-11°9E -6-8°61 *L-9E-81 -€-Ty-pl “UOTIeIDaqye ‘siTpeID 
O1-6:6] “Sewistuesaul ‘ajo1jU0D 
Il ‘O°pP 71:97 *L-97 “LI-bI “919 “UOTIeIUALIO “Ing 
$:9€ ‘Cp:p] ‘Ssouuosied-saouuy 

vc-ol 

‘SUOTILI[NSUOD ‘IIISIUIW IBIWIig ‘JUIWIIUIBANOS ‘e}19QTV 
ZI ‘$:9E ‘INalII1Xa BDIAIAS 18 UOTILIISIUIWIpPY 

(AWAA0d) UaIpeurd suwmeiz01d 

‘JUIWIISE.INODUA ‘INVA Us ISIWI 39 UOTZE1O[AXea ‘ZEB 3a ajO.1jeg 


SadInosay epeueD Odexa] ‘Sad10aH ap dueg 1SSND 410A 
€-77:6] ‘Suostes 
‘uolej}UsWIsNe ‘sjnod ‘uONeIISTUIMIpe ‘epeuedD Np sa1iay 
G-PZ1Z ‘Senbijas1aua sadinossai sap uOTIeAIaSUOD 
dP UOISSIWIWIOD FL] Ip 21129 Dede UOSIeIedWOd 
‘ajuepuadapul uonenyeAg ‘ais1aua,] ap JeUOTIeU AIO 
8:97 ‘SIUP)-S1¥1q Sa] DaAe UOSTeEIedWOD 
’ SdAIISIY 
ZEET ‘SINOS ‘advsO} ‘suIIvUI-sNoOs siINg 
Oph “S19zJo “SITTIQeisul “xl1g 
Z-1E:8 ‘0661 S9QUUR Sa] SIBA JIT] TIQISSOd ‘a1Inuag 
SOAIISIY IUUONUIWSNS 94]1] 3] SNOS 1SSND 110A 
O€:€ ‘AuUeUTWIM UONedGnd ‘10ddey 
31313U9,| ap [eUOTIeU B2dJO 
L-97:S7 ‘@9UaploUl 
‘Qun]q ada1T [PIS] BWUIIOJII “WUaWIB.ULUY ‘siafoidesayy 
TTE ‘UILILIIWIe ]eISIy awIde1 9] Ied 
$119JJO XNID B SIITL[IWIS SABLIULAL ‘SUaIPeULD SINassNsaau] 
SIN PUUONUAUSNS 34]2) a] SNOS 1SSND 0A 
C-p1:97 ‘Saul10}-saie[g 
71:97 ‘Suoistaaid ‘saitanoy 
a3e104 
€l-€ 
‘g1Issadau ‘JUsUIAaseINOIUA ‘UOTeIDaje ‘spuoj ‘epeued-o12g 
a71N§—ANa]eA Ua ast 19 UONeIO|dUxy 
31NG—Z¥B 42 3]0.1}9g 


ce SAONNOSSAA LA SANIW “AIONANG 


8-LI:E] ‘suotssnoiadeas ‘saysag 
Inajea ua asiw 1a uONeI0[dxyq 
ZL:€ ‘eouaprout ‘Jainieu zes np x1id 
Sa] 12 Sayd1eW Sa] Ins aluaiug ‘anbi1jod ‘uorjestuetpeueD 
S:pp ‘SuoIssno1aday 
9-ST-pT ‘saatoiisuen sainousiq 
Spb ‘9-STbl 
‘QIANQO UA ASTUT ‘(UOTIEXE) 19 UOTIBIYIIe}) 1SaNQ,] ap psosdy 
Z¥3 32 3[01}9g 


jaoddey—apnje ‘sadinossai 
Jq—Saalasay—ajoneg 470A *310dde¥1 {3}24nIa5 NO 91a4D4 ‘3]0419g 


uaIpeurs surwieis0id ‘juaWIAaSeINODUA ‘INa]eA Ua aSIW 8 
uoneiojdxa ‘ze8 19 ajONag :assteg—xlig—e2]O119q ISSND 410A 
87:6] ‘ei1wWOD 2g] 1ed sapuewap sjusmausIasuay 
p7:LZ ‘uontsodoid ‘epeuey np asetjomed uonersossy 
a8ejuaoinod ‘auuarpeued aiatidoig 
81:81 ‘UoLessaiul 
‘SOTQUAANOUAL SIISIIUD ‘UOTIVITJISIBAIP ‘UOTIINPOIg 
b-€ZLT ‘Siayje ‘asayiodAy ‘iuUausaaisn[oxa Ssaadatid 
8-L7ZI ‘a[O4 ‘sayeuoteuLy Ny 
CI:SZ ‘AdUIIIJIP “SUBIPEULD NO SUTRIIIIWIL $1919) U] 
CE:E] ‘UOTIONpap ‘sadueAapay 
8-£¢ 
‘TZ-81 ‘9-SI ‘El ‘1-OL‘€T ‘SuonepuewmUOdsal ja sanbiita9 
nudsaei 9] ins joduyy] 
$919190§ 
€T ‘1-O1:9% *S-pZ:Z1 *67 “p-€1:g “UOTIeENIIS 
CEIZ] ‘Sauretqoid ‘1najiDas ‘sadtA1asg 
EL:E1 °S-vE:Z] ‘sieyja ‘uonestyeuoney 
6:LZ ‘stj|duioose sais01g 
C$Z:Z1 ‘a]o1 ‘epeuey-onag 
b-€C-b1 
‘suUOT}UBAgNS ‘jUsUIAUIaANOS ‘sastida1jua SauUaKkOU 3a Sajtiadg 
QO:¢ ‘SUOTSIAIIg 
O-SL:€1 {12 ‘S:1] ‘seinsaw ‘yuawaseinosugq 
SJUIWIISSISIAU] 
LIP] ‘UOISNI[e “SINODSIp ‘ar1STUT|y 
9O:LZ ‘ST ‘O1-6:E1 “e101 “}UsMIAUIaANOH 
CE:Z] ‘askyeue ‘sasuadaq 
67:7] ‘<uolesTueIpeuRseq» 
O€:Z1 ‘Froalgo ‘«uonestuerpeueD» 
9-S:4Z ‘uonesedaid ‘gg6] ap uoneito;dxa,p sued 1a sjadpng 
C-pLZ ‘ay1oeded ‘juswadueUyoInY 
asejusoinod ‘auusipeurs 
d1911dO1lg PUUONUIWUSNS 24711 2] SNOS 1SSND 110A 
8-L:€] ‘SUOISIAZIg 
epeuey np eieomed uonerdossy 
aLAISNPuUl ‘3[0.139g 


ajoned 
ap sinajej10dxe sked sap uonestuersio ‘uoder zssnp 110A 
L-OZ:Z] ‘SUOTLPULUIWIODAI ‘UOTIRIOGRI]P ‘aIsaIEIIG 
6-8: ‘saydosul] Sau0Z7 
8Z:ZI ‘anbiai1aos uo1uy 
g:¢ ‘XNaUIWINIIg a]01}38g 
8Z:ZI ‘ajosiad ap sinayei10dxa sked sap uolesturs1Q 
SLT] ‘wortsod ‘stup)-sieig 
87:71 “AuTYyD 
8-9:g “B1IAQTY 
Sajjanuaiod sadin0s 
371NG—SjUIWIIUUOISIAOIdE ‘3]0.1}9q 


€-17:L7 *L:9% ‘UONeNIIS 
OT81 -8-L€T “11-71 “euetqoig 
1-02:6b :P1:97 ‘Zh ‘b-EL ‘ET ‘Semnsap 
€-CC-6b 
‘QdUaPIOUI ‘p1OIIY ‘UTedIIgVUIe-OpeUed BuUeYydE-a1qI] 
EL:€T -97 ‘9:71 -€-7Z:11 ‘UONTUEg 
9AINSIS 
8:7] ‘Jeniuars JUsWa1IISSAay 
SJalO1g PUUONUIAUSNS 34111 3] SNOS 1SSND 110A 
€-ZETp “9a ‘saydraysai ‘ayNnw104 
aaisisse uONeIsdnday 
11:47 ‘@duaprsur ‘ajomad np aaisisse uoneisdnsay 
CL:¢ ‘apnijszsdUl ‘uoTeSITeay 
8-LI ‘Lipp ‘uotiisod ‘yuauauraAnoy 
LI-pl ‘sepnia ‘uonenyjeaq 
Ob-6€ ‘L-SE ‘S-€Z ‘Z1-6:§ ‘aAneIedu0Od ashyeur ‘sino> 
p1:¢ “91a ‘sanbruysa} sanbsii ‘sasixa xneqided 
(12 “pyT 11O A¥snH 
‘elusagiy “uy Adiaug apeinmon ‘yes~neury) siafoag 
€7:LZ ‘9iissadgu ‘astidamue-aiqry 
LZ ‘aweqoaid ‘syuapaoxq 
O€ ‘ZI:Z] ‘Jelapisuod e sinajdey ‘jusWeseINODU” 
LO “€7 ‘O-bT ‘7-11-71 
‘SUOIINJOS ‘UOTIONpai ‘saduanbasuod ‘suoneqinisad no sasi1y 
s}UsUIaUUOISIAOIdde ‘3]0.139g 


PJaNzaua,A ‘InayeA—uUIniuess) ‘anbnaiaos uotuy ‘ai1uI07 
—PpiON aenbnuepy,] ap aie11 np uonesiuesio ‘nes[qey, 
—Xl1g—1Q ‘}ua1Q-uakop ‘anbrxay ‘uely ‘paiury] 
auryq adig jersuraoidiajuy ‘yaloid ‘yseg ‘1aysutmpAoyq 
& UONLSIIO[LA ap UISA)H—2}9190S “pI] TIO AysNY 
‘SQUUAIPeULD S$3d10J ‘SIU()-SIe1q ‘Sa]qe[aAnoual saIsiauq 
‘jeIpuoul seisu0ZD ‘aiipnorg aiqeiy ‘eaqiy 1ssND 0A 
9-p7:1] ‘SateUaWIWOS 42 11e11xKq 
QZ:1T ‘g11W0D 2] 1ed saapuewap saido7z 
aIAINS ap JuawnNdIsUl ANapfiaw UN :UuoNDSIPUONDU 
anb 1omjd uonndiyavg g{NANUI 3x9} ‘TURWIeX 
BE “9-S7-6 ‘BITTIQISsOg 
8C:6 ‘A1TWO0D 2 ed spuewap juauINd0g 
juauasueY) ‘suas ‘oO11e1UQC,] & IeqQeNH Np auty-adig 
OZ: “UOTIENTeA ‘s}NOd ‘aUIIIIeY 
07Z-61:97 ‘SuOTIepueUIUIODaI ‘DY d] ‘UOTIINpal ‘sTe14 
yaodsuesy, 
L-SZ:6 ‘SUOTIN]OS 
0€:6 ‘S110Anod 
‘g1d19u9, p SJUsWIaUUOISIAOIdde Sap uOTITIed|I ap ad1IJO 
L-9€ ‘O€-LZ ‘b-€T7:6 ‘UONdII9SEeq 
aouasin,p uonenis 
L:97 :9€ “S-p7 “8-L16 “TEL -61°€ ‘UOTeNIIS 
7:6 ‘L861 1e]]IN{ Ue uoTUNEY 
P7:L “UOHeUINSa “saTeIPUO|; 
PCI-182 cattanoas 
NO gaaDdd ‘ajO4ad aT gININUI sIquieyyD e] e 110ddey 
O€:¢ ‘eaidope (“fF ‘saymeyy) “W 
Tp-:81 *Zp-S€T *LE-SZ1 -€E-S-11 “6€-S6 
“CE-P:8 *SE-S:L :OS-bZ:9 ‘1p-S:S -€€-S:€ ‘apnig ‘sadinossa1 1g 
L:Z1 ‘uontiuewmsny 
SdAIISay 
p-€7 ‘IT:S] ‘seonbysneis ‘apuewap ‘sauyyes sratponed syinpoig 
9:¢ ‘sanbnsneis ‘uonsnpoig 
311NG —2]0.139q 


SHOUNOSSAA LA SANIW “AIOAANA ce 


SUOTILIIOM WI] BUUONUIUSNS 24111 2] SNOS 1SSND 110A 
Op:ET ‘UOTIIsOd ‘sadInosay epeuRD Odexa] 
S1:97 ‘suotstagad ‘aity1qeis 
ZZ] ‘seuretqoid ‘uoneiuswesay 
€-ZE ‘L7:g ‘oUssadau ‘xnedsyy sjuawazjege “uUOTIexy “¢ CT 
I€-8Z ‘IZ ‘S-bI ‘S:1] ‘wonsadsns ‘uoneimejsulay 
S:E] ‘UOTSN]IUOS 
‘pi0soe ‘ajorjad ap sinaiej10dxa sKed sap uonesiurs1Q 
Jayouryd x11g 
O:LT *77:Z1 *87 “ELT “SUOISTAVIg 
O1-bT 
‘p-ZL:Z1 ‘O€-67 ‘Z-1Z ‘€-Z1 ‘S:g ‘saouanbasuod ‘aitpiqeisuy 
6-LE ‘Z-O€ ‘L-9Z ‘€Z-9T:g ‘UOTIIsodoid ‘auraisAs ‘s}e1]UOD 
8Z ‘S-p1:§ ‘a[O1 ‘[e1apa} JUaMIAUTAaANOL) 
€-1E “€-C7Z1 ‘TE “92 
‘y-€7 ‘OZ-61 ‘€1-G:1T ‘uoNenyeag ‘110Anod ‘jua11Q-uahsoy 
SZ ‘saiNoyip ‘uoneidepe ‘uonenjony] 4 
L:Z1 *6:1] ‘suostes “WuamteIpuozyyA 
jeIpuow sino) 
C:LZ ‘UOTIDeaI ‘aIIsNpuT ‘ajonead ‘gg6l ep assieg 
xd 
p-€E:g¢ ‘aiIqissod ‘uoneinejsul ‘aulediigwe-piou anbiyyog 
LI-p] ‘UONINIISUOD ‘sauIsN ‘UOTIeSIIOTeA 
Z-I pe] ‘eouewodut ‘uonei10;dxq 
Pino] egO1I8g 
9-SE:BI ‘SAaTQeTeANOUAL SaId1aUa Sap 2101 ‘alInuag 
€€:¢ ‘uoneitojdxg 
Jaga] no anbisse]d ajo119g 
6-8:97 ‘sanbrisneis “in1zq ajoreg 
Bb “SUOISIAZIg 
O€:Z1 ‘seiteyueuIW0S 
‘anbrydess ‘«syuayeatnba, p 1a UaIpeued INIQ ap a1jQ» 
17:71 ‘wosteredur0s ‘6907-5861 
‘apupuap ja aaffo ‘DppuD) ND a13.419ua, 7 
gininur y10ddei ‘a1d19u9,] ap [eUOTIeU AdLYFO 1g 
9-ST 
‘T1-9:7] ‘waoddes ‘aaiy apersadwy asatjoned arusedu0) 
apureuUlep 12 BJO 
9-S:]] ‘suoistagid ‘uoneiueusne ‘xiid ‘suoneii0d wy 
Lib {Z1:g¢ ‘enbrsaiess adueii0dwy 
C:LZ ‘SUOISIAQIA 12 UOTENIS ‘saiIATINe ‘ade104 
pC: ‘SUONepURWIUIOIAI ‘aI3199,] Bp a]euUOTIeUIAIUI adUAdY 
LZ:6 ‘suone1i0dxy 
ZZ] ‘SuUOISIAgId ‘InayeA Ud asi 1a UONRIO|dxg 
IZ:LZ ‘2104 ‘sastidasjua sauuakow 32 $ainad 
Z-11:97 ‘OWdl.] 2p enbrwuou0ss ajapow 
$a119AnN0d8q 
97:6 ‘UOTIDVAI ‘epeURyD ‘sastig 
T-LEZI “SZ:L ‘aduesiyynsoiny 
9[9139d 


Ingjea Ua astw ja uOTIVIO;dxyGQ—zes 1a 
gjonag ‘ainsnput ‘ajonag ‘1af01g—LAWNVO 2P ap2s0id 
‘asenbeis01pAy afoad ‘erusaqgiy WeydyV¥— pr] winajorlag 

awog ‘eyeuoTjeUIaiUl adueisisse,| nod epeueD 
-O11ag UOTeIOdIOD ‘91a ‘UOTIEIOAUOD ‘UOTINIed WOD 
—SUIOW9, | —9ITWIOD ‘a1uUaA—elleuyyer “N-" | “aouryD 
-kq-awo ‘jaloid ““g-"N ‘Jasseyod ‘sadipuaddy issnp 410A 
: 6-€7:SZ ‘ADIAIS-SUOTIEIS 
O1:SZ “QITWIOD 2] 
ied sagpuewap suotsiseid ‘png np anbiijy,| & a}uaa ‘azjnog 
a71NS—epeue-0.1}39g 


OL:Sz “elgIsueUy UONeNIIS 

77:9 ‘uolidope ‘1a19Ep red uoNeUIWIOU 
“UOLIISIUTUIPe,p [[asuOd Np IN9}daIIp ‘WIRITTIAA ‘SUagaIS 
OL:Sz ‘aouri0duit ‘ajoy 
SUIOWIA] 410A “SadeUsIOWa} ‘s}Ue}UasaIday 
6-872 ‘b-€1:SZ ‘UOTIONpes ‘yusuaddoyaaap 1a aysd1ayIIy 
S€-6:SZ ‘epnia ‘gg6T Jenuue i10ddey 
8-O1:SZ “S19 ‘1aldUR|aYydE ‘SUOSTeI ‘UOTIESIIEALIg 

07:9 ‘aiquieyy ez] & 1s0ddey 

77:9 ‘opnig 
ya199p red uoNeUIWION 
Lev ‘yepueyy 
LUp] ‘UOTeUSISap ‘a}1IpIajUI aUOZ ‘sInauUIN 
Lib ‘1Z:SZ ‘uoneiuasaidail ‘ssuoydosues jy 
IZ:€ ‘Suostei ‘uOTeaID 

pZ:Z] ‘SUOISN]IU0S ‘DppuDD nD asaIjo4jad 

a1d4ISNPU1,] SUDP aIUdLINIUOD DT INI VuI 110dde1 
‘ad1BUIWIOD NP $9ATI9111Se1 sanbneid sa] ins uorssiurUuIOy 
8-LZ ‘€-1T:SZ ‘932 ‘919190S ‘asnoyuaisS psay ‘sInainssy 
Lib °8-L1 ‘O1:SZ ‘Npuas aidwios ‘sanansy 

epeuey-0.1j20g 


ALAISNPUI ‘Zed 49 BJOIIIg ‘sa11a@AN0daq 
—2]0119g 410A “(AWd) Sestidasjzua sauuakou 3a Saqeg 


LE-S:Z1 “epnya ‘sadinossai 1a SaAtasal ‘aj}O119g 
(297] a[etseduzy] e1gtjomed a1usedui0D) “g 118qQOy ‘UOSia}0g 


sa]e1juaj—uonegoidde ‘sya8pnq 
‘sadeAOA—OIWIOD 410A *dATBa[INU afe.sjUad “JUG ‘Y3N010gG.19}2g 


sWIWIeISOI ‘yUsUIIdeINOSUA ‘IaT]ONIEd 1n919ag 4104 ‘dSaAd 


tp “OF ‘TI-L:€Z ‘epnig ‘ainsnput ‘saul 
*p-€7 ‘L-S1 ‘€-Z1:7 ‘(uasjaINn) saururess0id sap Seen 
ap gd1eYyd [eae ap adnoiyH np suonepuewwi0sal 
12 a[e1gpaj ayesguIW anbnijod ‘xnriawi ja xneIsUl 
6-bl ‘ZI-9 ‘p:9€ ‘8861-861 e1Teiuawayddns iaspng 
1€-7Z ‘6-81 “S-Z1:9F ‘6861-8861 
EC S-CL 60, 1-07 
‘€7-9:L1 “L-p€ ‘O€-9T “€-7Z ‘OZ-61 “9-PT:ST “8861-L861 
edioutid jaspng 
sadinossay 12 SaUT|] ‘aIs10uq 
(sadinossay sap ‘ 
12 SOUT Sap ‘a1d19Ug,] ap a1astUIW) ailaig ‘UO1Iag 


auuie1s01d 
‘uoisuedxa ‘uolngiiisip ap xneasai ‘auedoig 4104 ‘GUuad 


C-1C-€1 
“Qa ‘uonedisij1ed ‘aurgjqoid ‘sadinosay epeured ooexay 
9}9190s ‘[1lOZUUag 


Jeuoneu enbiesisauea auruiels01g 4104 ‘NAd 
ANg[eA Ud ast 19 UOTILIO]dxy—zes 19 BJONIg 4104 *Se4ddg 
epeuey jo uoneidossy sradojaaaq pure s10jdedso1g 4104 ‘OVdd 


uatpeues auweisoid ‘jusweseinosue 
‘INI[LA Ud ASTUI 39 UOTeIO[Axa ‘ze3 13 BJOII8g 4104 “A WAAOd 


L7€Z ‘uontsod ‘aiyedisrunw “yuQ ‘ayey 101119 
8-LZ:Z ‘Suatpeued s}inpoid sa] daAe 
gdUdIINIUODS ‘|QDY,] Jed sauuOTUaAgns UONeIIO]dxa ‘sau 
juauaddojaaap ap a10A ua skeg 


Te SHOaNOSsAd LA SANIW “AIOUANA 


BIZIIU,| BP BTeUOTIVUIAIUI BdUadY 4104 “3SY,]| 9p Sh¥q 


suIOWa] 410A ‘SaseusIOUa} ‘sjuRIUasaIday 
JBUOIZVUIIIUT SIJBIIOSSY V1IOUISSEg 
T-Ob “9-Z€ ‘O€-87Z 
‘pz ‘IZ-61 ‘L-€1 ‘O1-8:ST ‘epnie ‘sedinossai 1a SaArasaI ‘ajO119g 
S-bb ‘Ib “6€-LZ 
‘b-€Z ‘IZ-O1 ‘9-S:6¢ ‘UdUIexa ‘anbrwOU0ds ‘aiIea;INU aisi0ug 
(JeuOT}eUIaIU] SaIeIDOSsY JIOUWISSeg 
“uy epeueD Np a11ejos a1d19Uq,p 919190) jjar ‘a10WISseg 


O€-L7 “p-€7 “E-11 “6-9:91 “Apne ‘alajsnput ‘saul 
Ob-6€ “L-9€ 
‘p-1 LZ ‘apnia ‘IIWaAe ‘sargruTW 13 SaraIjONed satmsnpu] 
(epeue) 
jo uoneis0ssy siadojaaaq pur s10idadso1g) qog ‘suosieg 
OL-6:8E ‘e11eajoONu siITIQesuodsay 
IZEE ‘Seatesjonu sinayeay 
61:T€ ‘AINpgd01g 
8-LZ ‘8-ST:81 ‘epnie ‘sadinossal 12 SdAIaSIY 
SI°8T ‘210119 
1-O1-6€ “Ol1RIUO 
: 61°9p ‘Saul 
77-Op ‘XNLIQUI Ja XNeIBUI|] 
61:9p “UOTRIAIXTT] 
6-81:9p ‘Sauajug ‘aTereurlw uoTe10/dxq 
8-LZ ‘8-ST:8I ‘SarqejaAnoual sais19uq 
Gl ‘€1:67 ‘enbrurs198y} a1812uq 
OZ-6L:EE ‘Allsnpul ‘airvayonu argieug 
11-6:8€ ‘OZ-8T-€€ ‘TZ-8TTE 
‘1-92 ‘9-SI ‘€1:6z ‘UauIexe ‘anbrwoUo0ds ‘aileg]INU aIs18Uug 
ZI ‘6-S:bl ‘aeiwiry] ‘epeuedy np enbiuoie argieug 
LE ‘1Z-81:9b ‘6861-8861 
7-11 ‘6-8'b1 “8861-L861 
jedioutid 1a8pnq ‘sadinossay ja Saul ‘aigieug 
IZ-8T-1E ‘9H1914I9a1g 
07:9p ‘9SIPIN]Y HW] Ua UOTsNquio)y 
1-02:9p “1alosd 
‘gsIpIny i] Us UOTISNqWIOD v algIpNeYyd “g-"N ‘weyIeYyD 
1-07-9¢ 
‘yaloid ‘nea-uoqieys afquisnquios “q-"g-"] ‘UMOII}10]1eY4D 
9-SI ‘C167. ‘sallegjonu sayeuay 
17:9h “LAWNVO 
OLE ‘arregjonu Ima}deI1 ‘MQNWVO 
(aaAry Aurey—esiousy—QdN) Uyof ‘A11eq 
SI ‘ZI°b °L861-9861 
airejuawajddns ia8pnq ‘sasinossay 12 saul] ‘ais1auq 
(sadinossay sep : 
39 SAUIW Sap ‘a1s18Ug,] Op e1QISTUTUT) PIARC ‘IIe 
IZ-ST ‘O1-8°S€ ‘8861-L861 
arrejuaurgyddns 1a8pngq ‘sadinossay 12 saul ‘atd19Ug 
(aaitwry ‘epeueD np enbrwoje arsioug) pueuis, ‘giv 
Lipp ‘suotstagid ‘syuawassnsaaul ‘suoneiojdxq 
uIngj0.1j9g UeIPeuRDuUeg 


OSc UOISISEp 
‘uorsstmm0D Aroie[nsay Adieu [elapaj—stuy)-sieig 
xne suoieiiodxgq—]einjeu Ze 110A “UOISSTUISUBI] SED IIe, 


6-8E ‘PE ‘8-PZ ‘8-L1°6 ‘APNiea ‘sadinossal 1a SaAtasal ‘aTOIIag 
c-17-61 
‘8861-L861 [edioulid 1a8pnq ‘sadinossay 12 sauT| ‘aig1aug 
(sadinossay sap 
12 SAUIW Sap ‘aTd19Ug,] ap a1gistuTUT) pIAeq ‘UOz[NO 


PION enbnuepiy,| ep g1e1) np uoestuesiIC 4104 ‘NWLO 
9S ‘ZS ‘8-Lp 
‘Cr ‘Ib-6€ ‘9-PE ‘OE:9 ‘apnia ‘sadinossal 1a S9AIVSII ‘3]0119g 
(pairwiry SunayIep sey usajsa) Uday ‘IO 


QULIUTY 410A *[TeARI} NP aBuoeUsAIIUI UOTZESIULZICY 


7761 ‘2101 ‘epeuey ‘ajoned np uonesyrueyd ap aiu107> 
(NV.LO) P10N enbyuey,| ap 931243 np uonestuEs19 


sayjenuaiod sadimog—siuawmauuoistaoidde 
‘gonad ‘zaysueyd x11g—xl1g—e]o1ag ‘aity1qeis 

—s1WOUOdY ‘a1310U9,| ap a[BUONIeUIAIUI BdUasY ISsND 110A 

T-OP-€T “S[l4eq ep SUOTT]IW g°CT ap aituil] ‘UOINpoIg 

SET -6-87:71 

‘uonsad 19 a11eUapsoxea 9119eded ‘sjuauaUUOISIAOIddy 

2]0119d 
(dadO) 210.1300 ap s.inaj}e}.10dxa sked sap uonestuez.i¢ 


anbrwiay} aid19ue 1q—a1IvajInNu ai1d10Uq 4104 ‘(qAqDO) 
sanbiuiou0d2 juautaddojaaap ap 32 u01je.19d009 ap uoIzESTULZIO 


€:7 ‘9861-S861 
1i0ddei ‘sasuadap 1a snuaaai ‘sa1gtjoned suonesiuwapu] 
€:¢7 ‘oddes ‘uonenstuimpy ‘epeued np saisai sap ze3 1q 
€:2 ‘O861-S861 140ddes 
‘sadueAapal ‘suomejiodxa ‘siatjoied syinpoid 3a nig 
210119d 
€:pT ‘O86l Januue i10ddey 
€:Z] ‘serreurwos 
‘1861-9861 2P SluauTasstisaaul Sap iaspnq 1a 
1661-L861 UONedyueld ap apotiad e] nod inaidaqIp ue] 
‘QITRWIWIOS ‘/ 861-986] INOd siuawassiisaAul Sap pe 
epeur)-o1lag 
€:61 ‘9861 Januue 10ddei ‘a1d19uU9,] ap JeuoNeuU adqJO 
€:$7 ‘SINaVIYLI9A sap yzodde1 ya y10dde1 
‘s1a1OIeIIX9 SaInqiedoipAy Sap sanayj-al1a]-epeueD 2jO 
ESE *€:g ‘UONIISTUTUIpPR,p [lasuOD ‘epeued-Ollag 
€:8¢€ ‘prevog BulissuIsug JUeUeWIAg 
ERE “P6Z “EPI ‘€:g ‘B1319U9,] Bp TeuONeU 3913O 
€:SZ ‘S1aN09e 1x9 
saingieso01pdy Sap aanan-a11a]-epeuey ad1yO 
€°8E *€:S7 *€:6 ‘agITWIT] ‘epeueD np anbrwmoie arsieuq 
‘QTBUOTIVUIBIUI adUeISISSe,| INOd epeue)-O113g contin 
E:8E *E:p] ‘epeued np saiia} sap asejuedie,] mms 
107] BP] 8p NIIBA Ud dWWIOU SINaIeUIWIeXa, Pp UOISSTWIWIO7) 
ESE ‘€:¢7 ‘onbrwo}ye a1s19uUa,| Ip 2]01}U0d ap UOTSSIUIWIO7) 
€:] ‘e10ap red suoneulwmoN 
€:7p ‘jedisutid ya8pnq ‘sadinossay 12 sauT ‘ais18ug 
6861-8861 SiIP2ID 
€:11 ‘yedrourad yaspnq ‘sadinossay 12 sauT| ‘a1s10ug 
8861-L861 SiIP2ID 
€-v€ 
‘€:¢ ‘ai1ejUawa|ddns jadpnq ‘sadinossay 128 seul ‘ais1euq 


L861-9861 SiTPp91D 
37ING—1OAUAI 9p $9.1P1O 


SHOUNOSSAA LA SANIW “AISNAND o¢ 


EpE '€:67 *€:7 ‘UOTIIsodwod ‘a}1W0D 
€:7 ‘JaIDep ‘UOTINTOSSIp “dUy Ydai1eueD 
€:61 ‘9861-S861 14oddes ‘“yuawaddojanap 
ap spuo, 19 advised ‘sarioresuadwios uonenbaied 
ap Sjuaurated ‘saigtiQoe11xa $9}199a1 ‘assodg-a]]9ANON-epeue) 
IOAUAI 8p S21IPIO 


UOTE UIUII[JayY—21d19Uq 410A ‘SADUBUUOPIO 


a1d19U9,p 
sjuasusuuotstaoidde sap uoniiedai ap sd4JO 410A "AVUO 


soulw “q-"N ‘YsnorogsAny 2ssnv 110A 
“ gi:z ‘guynur ‘uonowog 
9-$z:g ‘ajorjad Np mnjao dace Jreredu0d neajqe | 
OL:Z ‘arloweUI ‘10,p sad1m9npoid 
saityediorunw sap uoreIs0ssy ‘jUaUassI[qeie ‘Iaydue]d 
Xd 
LUZ ‘aoueisisse ‘sinaionpoid siaq 
10 
ajorjed ap sinaye110dxa sked sap uorestuesiO 4104 ‘dadO 


saduajed w0j—O1Ie}UQ-OIPAH ‘saitjiqesuodsay 
—aNbiwioje s1319UI,] IP I[O1I]UOD BP UOISSIWIWIOD ISsND 410A 
SUIOWI] 410A “adeUSIOW9} ‘JUR}UaSIIdIY 
OL:ZE ‘e105 ea] red spuewap sitejdwiexg 
S-€% ‘S-pl ‘Z1-L:Lp ‘Suotsn[suo0) 
O1UDIUO,] 
ap SadiDgjonu Sajpaquad Sap aiasns wT g{Ninut yoddey 
(a1e}{ UOISSIUIWIOD) MIIADY AJOJES IBI[ONN] OL1E}UO 


j10ddey—(aieH UOTSsIUIUIOD) MaTAdYy Alajes 
IBIJONN O1eIUGC ‘xl1g—eaduassy ‘uor}sasd ‘sarteayonu 
sjayseq ‘aregjonu ayemuas “1uCQ ‘uoiuT]Ie 199d 410A 
6-B:Lp ‘UOTIeNIS ‘aitegjonNuU aduadIN,p Sainsayy 
€-Z1:6£ ‘OlI2IUG,] IP 31319U9,| Bp 9dIJO,] 3ed 
segpuewap saduarpne ‘ajaj[eied uonesgUad no agatid arsi9ug 
LUBE *Z1:LE “P10U 
9-S7:67 ‘uoIsuedxy 
PE-8E ‘Seast[ea1 SaTWIOUNIA 
auregjonu aisiauq 
9:g¢ ‘UOTIeNIIS ‘aigiaug 
9-SEBE *9-ST7:ZE “SHARL 
9-S1:8E “xnevasay 
L-OL‘8E “912 ‘sasT]IIN saTapow “SUOISTAZIg 
L-97:6€ ‘Zp ‘6-LI ‘6-L:8E ‘epnid ‘o1rmeIUQ-OIpAH ‘suondO 
6Z:Ip ‘Odap ‘1o] ap 1efo01d ‘atwiou0dq 
gige ‘uoTIsas ‘apurweq 
911911193]q 
ZELp ‘Suotstagid ‘gi19ede9d ‘saiteg}Inu sayemuay) 
pL:6¢ ‘Jauaiod ‘sanbi335a[9-o1pAy sajemuad 
O11}UO 


O€-67-¥7 
‘S861-L861 Tedioursd ya8pnq ‘saoinossay 12 sauT ‘aId18ug 
(agitwry] ‘epeued np anbiwoie ardiauq) [neg ‘[18N.O 


QZ ‘pZ:ST ‘alzisnpul ‘asse10g 
ZEET ‘ZeS 18 BjOLVg 
€£-6ZET ‘O€-8Z:S ‘BpNia ‘sadinossal 1a SaArasay 
0€-67:§ ‘2101194 
ITT 
‘uawrexea ‘jaidap ied suoneUurWoU ‘aId19Ua9,] ap [BUOTIEU BdIJO 
O€ ‘S-bZ ‘OZ-61:91 ‘apnie ‘a1msnpur ‘sauTy 
ajIng—] duUaIMeE’T ‘TI9N.O 


07:91 ‘10,p sautu “q-"N ‘Y8snor0gsknH 
€C-61:77 *L-97 ‘bZ:S1 

‘8861-L861 [edroutid 1a8pnq ‘sadinossay 3a sauT ‘aIsiaugq 
€7-61-22 

‘gjeuONeUIaIUI sdURISISse,] INOd epeurD)-o1lag UOTIeIOd105 

L-S:1 ‘WonesIUesIO,p adUeas ‘a1TUIOD 

LOST “9Stping i] we uoNsnquio) 

L-97:S1 “UoqieYyD 

1-O€:€] ‘Sed10ayH ap sueg 

6-pZ:9] ‘suWweis01d ‘saatytpais90e suonoy 

(Osuej—spurlysiy uojeig adeg— J) *] euaIMe’T ‘TIAN.O 


argiaua,| ap [eEUONeU 29jO 4104 “ANO 


8-L1-€p ‘INauay 
SL-€p ‘Suolsad3ns 
8:¢ ‘AJUIUTUIWII UOTIeIUASIIg 
9-SZ:¢ ‘uoT}Isod ‘juaWIaUIaANODH 
SUOTIVITFIPOW 
10] ‘918.13U9,] ap [BEUOTZeU BdIYJO 


UOTBIYIL | 
ja $gddy—auaisks ‘sautjadig—saurqadig epeueysuely 
‘ajanbay—ialoid ‘spy anjog ‘uoneiusewasay 
—$9}9190S ‘sautjedig ‘zes 1a ajoneg ‘4q—i10dde1 
‘aa7] ayelieadwy a1gtjomjed s1usedwioj—apuewiep 10 a1 
—2a]01j9g ‘uoisuedxy—pariury suryq edig jerutaoidsa}uy 
‘$919190G—sonpozey ‘xl1gd—siaJJq—aiuaiuq 
‘xtid 19 sayoiew ‘JaInieu zeH ‘jainieu zey ‘januaj0g 
—Ssa]qe[aanoudl saisiaug ‘ais1augq ‘uOlelUaWa[say 
—S2}UIA Ja UOTIe UaUIa[Zay—suONeiI0dxq 
—dI1d11}981q ‘auljeadig—epeuey prmeuedksy issnv 104 
SZ:€p “91a ‘saasia sastidamue ‘aia ‘SUOTIVITIIIA 
PLI ‘€-v1 “39199p 
Jed uoneurwou ‘aieioduia; aiquiau ‘apneyD ‘ayjiAauuas 
CL:€p “Sedinos ‘snusaay 
SUIOWA] 470A “SadeusIOWa} ‘siueiUasgIday 
ZL:IZ ‘IOS91], Np [lasuoyD np saayseai1p ‘aijiqeiusey 
p-ETAZ ‘IN ua] ‘UONeITIIGA ‘auIUIeIsOId ‘aynos 
ap 1ULINGIE ap a1geW Ud JUIWIAIANODAI ap SadUeAapaY 
IUTIQVIUIY IUUONUIWUSNS 34111 2] SNOS 1SSND 410A 
L-97 ‘07-61-€ *€-7Z:1Z “S9TMIYIIP 
‘]e1gUas INd]OIIUOD Np nesing 2] uOTas UOTeNTeEAg 
sammess0ig 
ECE 
‘UONLIOGR]JOD ‘xneuOTeUIAIUI 1a xNeIdUTAOId SaWIsIULSIO 
ELT ‘07:9 ‘pz ‘aaqumieyD ez] e syioddey 
07:9 :Z-1 1:1 ‘Uawexg 
ya10ep ied suoneulMmON 
saduroeA—SaIQquisw ‘UONeSIuIWIpe, p 
[T9SUOD aUUONUIUSNS 2411] 3] SNOS 1SSND 110A 
6:¢ ‘enbrprinf aitjiqesuodsay 
PEEP ‘VUApPIoUI ‘pIOddy ‘UTedIBUIe-OpeURd asUvYdId-d1QI] 
7-12 ‘p17 ‘uondr19saq 
6:bb ‘9:Ep ‘SluaWasUueYyD 
jepury 
77:9 ‘uondope ‘ja1D9ap red uoNeUIWOU ‘uOIAg “Y ‘19UI0O}Y 
1-OL:1 ‘0198p ed uoNneurwou 
‘UONIISIUIWIPe, p [IasuOD Np siqwisw ‘Aog MaIpuY ‘Inow]IH 
€-ZL-€p ‘uewiadnossa1 ‘suondairp ‘ajorjad ya zeH 
L-SU-€p ‘VUewWaIANODaI ‘ste14 
9-S:17 ‘anbr10js1y ‘uoisuedxy 
1M§—(ANO) 21819u9,] ap [euoTEU ad1WYO 


67 SHOUNNOSSAY LI SANIW ‘AIOWANA 


Z-OZ:1Z ‘S8d1119a1Ip sausty ‘saryne no sajgnbua ‘sapnig 
Liep ‘ansojowoy aurstuesi0 ‘stuq-sie1q 
ZZep ‘UOTe|NUINIIe ‘sanbijasieua seauUL0g 
S7¢ “UOTIeaID 
INOW]IDH aUUoNUaWUSNS 3.431] 3] SNOS 1SSND 110A 
ied sapuewap 
sjuUaWaUsIISUaI ‘dja ‘SIeEPULU Sap dsaINp ‘sainjn} saduLde A 
Z-O1 ‘Op *B:1Z ‘AIQUION 
QZ ‘suOsIel ‘UOTeUTWOU ‘aITe1Od Wa} a11l1 & BIquUIa|y 
SAIQUIDU ‘UOTIIISIUIWIPe,p [IasuOD 
61-€p ‘OlNGJO-xe eiquisw ‘purjoy “W ‘e[PPld 
ZL:€p “UOSTeI ‘UOISN F 
sjudueuliad s3j1WI07 
G-€Z ‘L-9:€p ‘SUOTIeAOUAI ‘xnevaIng 
9-S:Ep “UONL]NUSA “6861-8861 
9-SZ ‘07-61 “O-p1:1Z “UOTeTHUaA 
9-SZ:1Z ‘Inaisa ‘asejuasinod ‘uoneiusawsNy 
L861-9861 
b-€7 ‘61-E ‘SuOIstogid ‘sastTNul spuoj 
sasuadap sap jespng 
SZ ‘L ‘S:€b {8-p:1Z ‘uoTIONpa ‘sauuosiad-saguuy 
O-Eb -O:17Z ‘SPATIOV 
OZ:1Z ‘JUaWapual ‘SaITeUIPIO SUOTIOY 
(ANO) e1819U9,] ap [euoeU ad1YJO 


20uadIN p UONeNIIS—SdA1asay—2I]Ollad ISSN 110A 
QI ‘Z1:6 “919 ‘JepuewW np veinp *x1oYys ‘saiquiajy 
(qWUO) ai319ua,p syuauauuoOrstAosdde sap uot W1ed91 ap ayJO 


aaatid a1s1auq—OllejUO ‘uONeUIUIOSUOS 
Re] W—XUg—ainjeu ZeyH 470A *O11ejUQC,| ap ai319Ua,| ap IdYJO 


sanbrurou0se 
juawaddoyjaaap ap 12 uoNeiadood ep uoTesIuesIO 4104 "AaDO 
G:8O CC et Oe Lc ce 
‘S-€1 ‘OL ‘9-S:pE ‘UaUIexa ‘anbrwmOUOde ‘aileg;INU arsieug 
(QUUaTPeUed aITeI]INU UONLIDOSSY) [AON ‘UITIg.O 


1-0€ *8-92 
“‘p-7Z ‘81 ‘E-L1:SZ ‘apnie ‘Og61 Jenuue yioddes ‘epeuey-onag 
(epeue)-O1lag) plaeq ‘uatig,O 
OT:0€ ‘UINtueIQ 
SL:O¢E ‘B1lea]INU |[eIIUIS “puUe]s] IIA) 221], 
6-S1:0€ ‘erleajonNu Im9}deaI ‘|AqouIsYyI | 
LI-O€ ‘SattevayInu sina seay 
Lipp ‘Stuaweuuorstaoidde ‘ajoneg 
L-9l-pp “epeuey-oneg 
6-91:0¢ ‘UsUIexa ‘anbrwouU0de ‘aiTes]INU sIs19Ugq 
OL:pp ‘aleistutw ‘sadInossay 19 SIUTW ‘aisiaug 
8-ST- Pb 
‘6861-8861 Tedrsurid 1a8pnq ‘sadinossay 19 sauT ‘atd18uq 
91 ‘P-€1-6b 
‘apnia ‘yz0ddei ‘Jneijnsuos g11wWO_D ‘anbnasiaua aduanyuoj 
(2][1A]AW—UOIFIOA—QAdN) @uIO'T ‘W0I}Sh NY 


Q-SE:€Z ‘apnie ‘al1isnpul ‘saul 
(saul JO Jaquieys) S2t1OIIII9] ISeMYIION) plaeq ‘19}3NN) 
alSNpul ‘aiiegjonu sisiseugq 707d 410A “alaysnpul ‘aareapoNy 
8-LI ‘11s ‘UoneNyeAg ‘ayn 
Q-ST:S¢ ‘8010} ep saqn ], 


Z-LLSE ‘8861-L861 Inod yadpnq ‘jUaWaUUONDUOA 
a7ing—aaeagponu 1mazd¥—1 “UC ‘u0z,4d[OY ‘dN 


‘Q-CS1:S¢ ‘SuOsIvi ‘anagid ayep e] JURAR SUR xnap attend 
BSE ‘a[O1 ‘O1IeIUG-OIpAYY 
07-81 ‘6-8:S¢ ‘aseyd ‘aouey]IacIns ja adesodanuq 
I1:S€ ‘a11WI0D 2] ed sapuewap sjusawaUsIasuay 
6:S€ ‘aiT[IQesuodsai ‘aaitwiTy] ‘epeued np onbruroje atgi0uq 
OL:S€ ‘pretax ‘uortsi9aq 
Z-LE:Sb SL-ST “€-ZI “L-S:S€ “912 ‘aitIqeindut ‘sinoD 
b-Cp-€p 
‘g:S¢ ‘8101 ‘anbrwio0je a1d19ua,| Ip 9[O11U0d ap UOISsIUTWIOD 
auueIdoid ‘juawmasse[saq 
S-pS¢ “910 ‘uOTesTTIIN ‘sanbrisizaj9eIe9 ‘UOTIONINSUOD 
aileajonu 1najdv—al “4UC ‘uo,Yyd[oY ‘GaN 


a]J—uondnIysUOd “T] 
neaida]—'g-"N ‘neaiday] ajurog ‘uonesojdxa ‘1a 1ssnD 410A 
SUIOWA] 470A “adeUusIOWIaL 
‘jueluaseidal ‘alaisIuIW ‘xNeIIUT] 19 SAUT] ‘JUdWIaUIaANOH 
9SS0Iq-3]]2ANON] 


9-p7:ST “UOTIENIIS ‘at1snpul ‘asseiOg 
8-LE-0P 

‘anyiqissod ‘agatid a1319ue9 19 JUaWade|d Wal ap saIdi9uq 
8-L7:Sp ‘orreye 
anions “juawaddojaagap 12 syd1eYydeI ‘alIva]INU sId1aUq 
8Z:Op ‘I1uade ‘atB19uq 
L€:pl ‘Seuajug ‘euorse1 anbiwouose 1uauaddojanaq 
9-SZ:Op ‘UOTIISOd ‘d1jQnd ‘uOTIINIXSUOD ‘saTIeaTONU SaTeUaD 
S-PL€€ ‘2it]Iqissod ‘siog ne sayeruaD 

YSIMSUNAg-neaANnoy 


SUIOWI] 410A ‘adeUsIOUIAI ‘JUL}UAaSaIday 
SOUTJA| JO JIQUILYD SIl10zLII9] JSIMYIION 
IDd111901J—'N-' | ‘Vowiey Sea] 4104 ‘OdpsON 
O€ ‘CSI :pT ‘ainsedi1 p1099e 
‘amueis01d ‘uolonpal ‘suoIsstwia ‘xneinjjns apiipAyuy 
9391908 ‘EpuvION 
a1319U9,] ap JeuOTIeU BdNJO ‘aaiTWIT 
‘epeuey np enbiwoie aisiauq ‘aigisturw ‘sadinossay 
19 SOUT] ‘BISIBU_ ‘SInoieUlWIeXa,p UOISSIWIWIOS) 
‘NbIWI0O}IL 91319UI,] IP 3]011UOD ap UOISSIMIWIOD ISSND 410A 
6:1 ‘syueredaid sjuaweusiasual ‘apnig 
Ja199p 1ed suoneuIMoN 


(UaSs}aIN) SeuuIeIs01d sap uauIexa | ap asieys 
yreaen ap ednoiy 1077Jd 110A *[reAe14 ap adnoiy ‘uasjaIn 


77-17-91 “Apnig ‘aluisnpur ‘saul 
Z-1Z:9] ‘aisisnput ‘uondedsoid ‘xnejaw ja xneraul 
17:9] ‘ewweis0id ‘saatitpais9e suOTIDW 

(ond1y UIIISeAA—Dq) aAeq ‘UOSIayIIN 


siafo1g—siusuiauuorsiAoidde ‘ajoneg issnv 110A 
1:61 *6°b ‘siTTIQeiUaY 
EL-61 ‘Bip ‘InajUa] ‘sa1Zz01g 
PI‘61 PE:S *S-rI “6 “S:p ‘UORINpoig 
6-87:61 :9-b1 ‘7-11 °8 “9° “12 
‘goueXoagid ap ueyd ‘ayiyiqesiey ap sapnis ‘uonesIuQ 
8-Lip ‘uemxe ‘10dde1 
‘SOUTJ SOP 129 VIdIBUG,] Ap dIISTUTW ‘UBMayIIEYysSeS 
aqImg—sadueae ‘|e1apay JUdWIaUIBANOH 
ajmg—jusUI9dUPUl 
3}ING—""UOTJESLIO[EA ap aursn “uy AB19IUyY aperymeany 


SAOUNNOSSAA LA SANIW “AIOUANA 87 


L-97 ‘€-Z1:61 ‘T-O1 ‘8 ‘9-p “UeWasINOgUIaY 
9Z:6] ‘UOISN]{IUOD ‘a}uaIuUg 
L-9'P 
‘suostes ‘qed1outid anb i91n{d asrejuauiaiddns yaspng 
Ip-8E:p ‘J4oda1 ‘310A ‘uOnesIIOINY 
P-IL:61 :I1 ‘Sp ‘SedueAe ‘[elape} JUaUTBUIBANOD) 
€-Z1L-61 ‘11:p ‘uounqisu0d ‘saanesado0D 
juauadueUI 
QT ‘€1 ‘9-S:p ‘uondi19seq 
jafoid ‘uorzesi10;eA ap aursn “Duy AS19Uq apesyMan 
a} ua A—alIsUyjel 
“NI-"L ‘aouey-Aq-awioZ 410A ‘payiwiy A8iauq puvlpunojman] 


QSZ UOISIDap ‘UOISSTUIWIOZ 
Aroye[nsay Adiaugq [e1epej—sius)-sieyg xne suorje110dxq 
—JaINj{eU ZEH 410A “BdIIUTY JO au[adig Sey [eNjeN 


8Z:£ ‘apNie ‘sadinoOssal ja SaAtasa1 “afOlad 
S-v1-61 
‘QQ61-L861 [edioutsd ya8pnq ‘sadinossay 12 sauT|| ‘aldiaug 
(sadmnossay sap 
32 SaUTW Sep ‘e1s19Uq,] ep DIVISIUTUT) BYIILJA] ‘9AOIsSNyA 


[eIpuowl sinoj—xl1g—e2]Ollaq ‘Stuy)-S1eIq IsSND 410A 

Zeiy ‘aoddea ‘uononpoid-saasasar ‘ajou1ag 

Z-1E:T] ‘UOMUSAII}UI, Pp 9d10j ‘STU -S}81q 
quati9Q-uakow 


O€-IZ ‘81 ‘O1-8:67 ‘Ueuexa ‘anbrwoUode ‘aitegjInuU a1d10ug 
S-€7-61 
‘8861-L861 Tedroutad 1aspnq ‘saoinossay 1a sau ‘ats10ug 
(sadinossay sap 
12 SOUT Sap ‘aId19Ug,] PP B1QISTUTUT) “MY ‘UOSTIIOW 


LI ‘b-€1:0T ‘apie ‘sadinossai ‘uoqieyD 
(QuUaIpeUed a1gTUUOgIeYD UONIIDOSSY) YIeL ‘YSTIIOW] 
L-97 ‘6-9T:L1 
‘8861-L861 Tedroutid yadpnq ‘sadinossay 12 saul ‘ats1aug 
(sadinossay sap 
12 SaUT Sap ‘aid19ug,| 9p e1gistuTW) Aey ‘a100;\] 
suolieloosan—aloid ‘erusaqiy 410A *[1O TIQOW 
1-02 ‘9-b1:9F 
‘6861-8861 Tedtoutid yadpnq ‘sadinossay 1a sauT| ‘ats10ug 


(sadinossay sap 
129 SOUT Sep ‘a1819U,] ap a1aisturw) AdUeN ‘*TfaYydITIA] 


saTeruaj—uoneqoidde ‘siadpnq 
‘sadeAOA—OlWIOD 410A ‘ailegpINu a[v.4jzUad “jUGC ‘EsnessissI 


Q1VISTUIW ‘SadINOSsay 19 SAUT ‘AISIBUT 410A “$31QzSTUTJA] 


JUIUIIITI | 
—sytde91 Saploe sNpIsaYy—SaulW *-LHANVO 18870 410A 
SLINPOIg PUUONUIWUSNS 3411] 3] SNOS 1SSND 110A 
61 ‘L-9L:S] ‘eouaproul ‘uoNeUIWAsI19q 
y1odsuel |, 
C:S] ‘UOTIeIN{INIISaI ‘S919ID0¢ 
SIO|AWIA PUUONUIUISNS 3.491) 2] SNOS 1SSND 410A 
8:9P ‘8b ‘Z1:€7 “SST -8°7 ‘UOTeNIIS 
pliez ‘uonedionied ‘jusmaUIaANOy 
pliez ‘a1giuIw uOeWIOINe,p 1a enbrOgol ap a1juUa_D 
a1§—**"3DUI]]99X9, P $911U9d ‘a]]at}UaIINIUOD UON 
a1mg—aysd194I90y 


a1NG—91A}SNpul ‘Saul 


b-€1:€7 ‘anbruesauro0es ap aijuey 
UO eID “adUaT]I9xa,p $a1jUad ‘a]]aI}UaIINIUOD UON 
67 ‘LZ:€Z ‘uortsod 
“quo ‘ayxey] 10N[Y, Pp ayedis1unw ‘uonesiemussag 
ayd1ayI0y 
C-p7:7 ‘SuONeya1 ‘ajeuOTda1 a][aIISsNpul 
uorsuedxy,] ap a1gistuTW 1a SadINOssay Sep 120 


saul] Sep ‘a1d19Uq,] Sp aiaisturw “jUaWIa.URUY ‘sauUTeISOIg 


02-61 ‘L-9T:S1 
‘QdUapIUl ‘SUOTIIIIISAI ‘1I0dsueI] ‘xnelesuUep siINpoIg 
CL€Z *$:S] ‘UONeIOI[gUIe ‘9ATIONpoIg 
8:9p ‘suOstes ‘aployyIP aporsad ‘€g61-Z7861 
6:9p ‘AdUapIoUI ‘p10ddy ‘UTeDIIgWIe-OpeUed BdUeYdd-a1qI] 
DIULISISSY PUUONUIWSNS 3471] 3] SNOS 1SSND OA 
6:9b *8-S:ST ‘O1:% “912 ‘ator ‘Jnsalqo 
jusWaUIdANOy 
7-Ip€7 ‘Satinuad ‘syuerpnie ‘saumumessoid ‘uonewi04 
Z-1TLT “Quinsay 
IT:LT ‘uonesyqng 
T-OT-L1 
‘SOUT SAP SAIJSIUIW Sap adUdIaJUOD FL] & UOTIRIUASIg 
ZELT ‘gio ne i9daq 
qaoddei ‘ay1yedst.7 
6b-S:€7 ‘O€-r:91 “apmag 
6:7 ‘uOTIeENIIS 
7ST ‘aIWI0D 2] 1ed sapuewap s}usWaUsIasUaI ‘aIqUION 
siojdwuiq 
6:7 ‘WuguIOUaY ‘sayah_ 
IZ€Z “Sainsaw ‘aduvssio1y 
8:9 *L:€7 °S:ST °O1-6:7 ‘Sainsow ‘uanulew ‘ayAnnedw07) 
C-SI ‘6:7 “UOTeNTeAg 
LEZ SL:ST “918 ‘uONesITeUONeA ‘sjanjonns syuawWesUeYD 
O:S] ‘Sainsaw ‘jUaWIUIZANOS ‘aduRISISSY 
9:€7 ‘SIaHA 
€7 ‘17ST ‘awWwess0id ‘saatpeis0e suOTIOYV 
alijsnpur ‘sour 


wintuei¢) ‘uawaddojaaap ap a10a ua skeg 
“g-N ‘ysnoiogsknyy ‘a8esodaiuyq—uorses ‘saiteajonu 
$1949aq ‘19UI LE] VP OIP Np aduai1gjUOZ 2SsND 110A 
9-S7:Z ‘UOTIENIIS ‘SaydIaYydaI ‘SAUIIVWI-SNOS 
€l-€Z ‘UONLIOI[IWe ‘9i1INIa¢g 
€-11-L1 
‘QIQeIIEYNOS UONSIWIOJIUN ‘UOTIIUYSp ‘saigIUIW SadINOSsay 
O1:9p ‘saiutofuos 
S9Yyd1IIYIII “JUIWIIUIIANOS 19 JIIISNpUl ‘JUdWIAIIEI] 
61-9p “SUOISID91g 
sj119e91 Saploe snpisay 
L7-€Z ‘UoTIsOd ‘gitjedisiunw “UO ‘ayey] IONTY 
ZE:ST ‘uolsad3ns “UOTIVIIO “JOUTISIP J19}SIUIW 
Cr-€Z ‘u0le139}UI ‘wniuein ‘uoT}e}10]dxq 
8-LI:S] ‘edeiua.In0g 
8-L7:S] ‘edUaptIoul ‘suOoTIoUeS ‘png np anbuyy 
uone}i0d wy 
CL:z ‘eurg]qoid ‘uonedisised ‘aatid 1najsa¢ 
1-0Z:SI ‘seatoedsiag 
LUST ‘aduapisut ‘uoTjeeI9 ‘stoj|dwyq 
IZ:ST ‘S1:Z ‘aupiqrssoduit ‘asuesyynsoiny 
€1:Z ‘apry 
UOT}VIIIQe 4 
JatulIw yuewadinby 
971NG—S9Uul}A] 


LZ SAOANOSSAA LA SANIW ‘AIOWANA 


C-€1:Z ‘giissaagu “UOISIADY 
C-pZbp ‘OegenH-epeuey susaiug 
Saul 
jajsueI]—uogieyyD ssnD 110A 
L-9:9P ‘TL:€Z ‘UOTeINIONASay 
OZ:LI ‘ai1wI0D 2] Jed sapuewap siusUIaUTIasUaI ‘SUOTSIAIIg 
VEZ ‘Te1OUI 9] INS BdUaproUT ‘51a ‘sanbi119 ‘saskjeuy 
Jeuuosieg 
8 ‘O-S:Sb “PE:LT *S:S1 “O12 “Yepueu ‘sjrsalqO 
9-€7:9p ‘Weyde,p ued 19 jUuaWade|duras ‘jUawadiInba,p suarg 
(LSWd) 2wwesz01d ‘3.119} B[ ap SddUaIIS 3a XNEAQUITA] 


p-€Z:9]T ‘SadeiUeARsap ja SaseiULAe 
‘Tedsly JUIWIAZaT[e,p aInsaw 3a aulaisAs ‘SUOTIUBAQNS 
b-€1-91 
‘gouerayeid ‘ogo ap Sazse1 NO T/6] & Sainatigiue sajsay 
L-9Z ‘€-1Z:9] ‘Suotstde1d ‘yei1ded ua ured ‘sinaidadso1g 
nudaal aj ins 10d wy 
T-O1:9T ‘9861 & P86I1 AP S9}9eIF2 Spuo4 
Z-TE'ST “SgyoNogap ‘auryD 
1-0Z:€7 ‘aTqQeISs a1gIOUeUY anbii1]0g 
OZ:€Z ‘SaIUUOP ap aseg 
Iz¢ez ‘anbruysa} inddy 
sulosag 
TL:97 “uonestTn 
87:9] ‘Sais91UI a11INdas ap sauTaisAS 
LZ ‘L-91:9] ‘saouanbasuos ‘uoneuruntyg 
C1 ‘7-11-91 “NOD 
1-0Z:€Z {8-LI ‘b-Z1:9T ‘912 ‘saouenbasuos ‘sadeiueay 
8-LI ‘S-pL:9]T ‘suotsn]suo5 
‘apnia ‘saqeand np sinaidadsoid sap uoneid0ssy 
87 ‘81:91 ‘snqy 
auWIeIs01d ‘saATiIpaisoR SUOTIOY 
aliysnpul ‘uorjsedsoid ‘xnejIW Ja XNLIIUITA 


1€:9p ‘seisoid ‘yuawaiTe1] 
6:E7 ‘SNJa1 ‘WUaWassT]qeia ‘ayeuOTIvU dIdIIVINS 
6:7 ‘auejqoid ‘x11g 
6:€7 ‘SUOISsndiaday 
EZ ‘8 ‘9:€% “UOTIBSTIQNd 
S-L:L1 -8:ST ‘SeTerguTM 
saatjoadsiad sa] Ins sdUaIgJUOD P| & UOTILIUASIIg 
€Z ‘BiEzZ ‘eyeuoTeU anb iOINI[g 
77:9 “6€ ‘S-E€ ‘9-pZ:€7 ‘sy9aIQO 
9:9€ -T1-8°€7 “TAINS 
9-S:€7 “61-€:9 ‘aiquieyD ey] v 1s0ddey 
1€-L:% ‘epnig 
8:L] ‘anagid auras ‘ueuexa 39 110ddei ‘a11WI0D 
(uas]aIN) sewueis0id sap uaulexa,| 
ap esieyo [reaen ap ednoiyH np suoijepueurwmodsal 1q 
I1:z ‘uoneiado0od ‘sadutAolg 
€-77€Z ‘O17 “9t1SS299N 
9:9¢ ‘UOTIeI0gGe1q 
ajes9pay ayeaguiw anbritjog 
pl:p] ‘WUapIoul “Inayea ua ast 
b-€7:T ‘2191 “LAWNVO 
€-7Z:Z ‘sainsaw ‘uonesorawe ‘ase]dAIe1 
‘snpisai 1a UOTIeIO[dxe ‘aInaligjul aityenb ap ste1aul| 
a7ING—XN¥}IUI Ja XNLAIUTFA] 


O1-6:E7 “$299e ‘UOTIeULIOJUI ‘xNeUOTIVUIAIUI SaYydIIeW 
1-O0Z:LT ‘2129ANOdap ‘luauIaSIS ‘eon. ap ueNe 
OL‘€Z ‘Seuraiul 12 SsapueUIWIOD sapnig 
6:Z ‘uorstagad ‘sino> 
XN¥JIWI 39 XNVAIIUTIA 


3}Ua1Uq—Ssaul] 1SSND 410A 
C1:% “91a ‘saaizodde suonedyipow ‘ainjeusis 
daqanQO-epeuey ajuUa}uUq ‘xnevssUlA 


be ‘7-17bE “WintueIy) 
LEpEe ‘1OT ‘aitegjonu aiypiqesuodsay 
L-bl:p€ ‘Serteajonu sinajoeay 
(at | 
‘uasWexd ‘JaIDap red SUOTIvUIWIOU ‘aId19U9,] ap TeUOTIeU AdJO 
C-tbb -L1-61 ‘Jainieu zeny 
LUE ‘Sp10998 “LLWO 
LE “b-0€ 
‘LT ‘€-17 ‘L-pl pe ‘Uauexe ‘anbiurouodse ‘arteajonu aisieuq 
1-Ol:p] ‘Ueurexe “aI13ap . 
Jed suoneurwou ‘aaj ‘epeued np onbiwoie ai31euq 
€]:] ‘uaurexa a10ep red suoneuIWON ~ 
OL:6] ‘A1QISIUIW ‘SadINOssay 19 SIUTIA ‘aisi0ug 
S-€Z “L-91-61 -1-O1:PT 
‘8861-L861 Tediou1id 1aspnq ‘sadinossay 1a saul ‘aIs10uq 
L-OL:61 ‘auOINIDaTg 
€-ZE:p€ {S-€7:6] ‘UOTISad ‘sazTegjonu siayseq 
p76] ‘Saiteajonu siayseq 
Ol:] ‘uawexea ‘ja1sap red 
uoneurlwmou ‘anbiwi0jie a1319U9,| ap 3]011U09 ap UOISsSIUIWIOD 
L:6Z ‘UOTIeSIULSIO,p BdUe~_S ‘a1TWIOZ 
L-91:O01 ‘epnia “sadinossai ‘uogieyy 
TE-pE ‘itegjonu inajsve1 ‘QQNWO 
(sower 1S—sadiuulM—)q) 381005) ‘1ayeUTA 


p-E€€ “TE-81 ‘S1-9:Z ‘apnia “sadinossai1 ja saatasal ‘a]O11ag 
(a1319U9,| ap [BUOTIVU Bd1JJO) Is9I0g ‘saTT| 
QE-p] ‘BIWOD 2] sed 
sgpurWap S}UIWIaUTIASUaI ‘SadINOSSayY Sap 12 SaUT| Sap 
‘Q1d1IU,] 8p a1VisTUIW NP uONeI{NSUOd ‘|qQDV,] 
ap UOTINGIAIUOD ‘UOTJINAISUOdAI ‘sanbiIZIn{{e1aW sauIs/) 
OZ:1T ‘Saatasay 
L-OZ:TT ‘autqiqissod ‘uonejuawsne ‘uononpoig 
aoe, 
C-p7:8 “UOTIENIUS JamnieuU ZeH 
CEPE 
‘ajuda ‘Ja]dwod suwIeIsO1d ‘alteajINu 1n9a19e381 ‘AGNWD 
anbrxayy 


sjuvINGIeD—Sa]qQe[aanoual saisiauyq 70,4 ‘jouvyia\] 


7Z9F ‘ZI :Z ‘UOTINJOS ‘UaWIaUIBANOS ‘auIa]qo1g 

71:7 ‘SUONVpUeWWOdSEI 13 sapniq 
Sa] [e111snpul-ouOW SOTITA 

67:9 191911 ‘S919190S “s]UsUASssi}SaA U] 

CL:S]T ‘Suostes ‘aittiqesuodsai ‘anbijasi10ua 

INa19as ‘a191STUIW ‘SadINOSsay 12 SAUTY ‘aIBIBUq 
untueiy) 
11:9 “010 ‘sjuedionaed ‘sanbiuysa7 saouvpuay] 
ZL:S1 ‘uonenits ‘afoid ‘sjanyudg [eoD e109 
8-L1:9p ‘INsTeA ‘siUaWAsIS ‘uINTUeIN ‘UeMA|ayIIEYSeS 

37N§S—S_ pj¥jay “uoY ‘MaY}IIIIWA 


SHONNOSSAA LA SANIW “AIONANA 97 


LT-S1 
‘uOISNT]e ‘epeuey jo uoTeIDOsSsy SiadojaAeq puke s10jdadso1g 
1Z:§1 ‘uordaouos ‘anaXoauod ‘AraUTYIV] IATe1g 
CG-bZ ‘ST:ST “YoImsunig-neaanony 
L1:9p ‘2duaprtoul ‘pr0ddy ‘UTeITIgUIe-OpeUed asuLYydI-21qI] 
L-91:9h (9-SZ:S1 ‘Suiduinpnue ajureyd ‘stus)-sieiq 
allsnpul ‘asseiog 
OL:9p ‘UONeNuUTUODS ‘aWUTeIZOId ‘UOTINpal ‘saproe sain} 
9:9p ‘UOISIAI ‘apnia,p iafoid ‘arrejod [e1uauTUOD neaIe]q 
6-87:€7 *6-87-7 ‘Sualpeued 
sunpoid sa] 9aae BduaIINIUOD ‘|QDV,| Jed sauuOTjUaaqns 
uoneiodxa ‘sautu ‘juawmeddoyaaap ap a10A ua skeg 
O12 ‘gi]WNUT ‘uOrOWOIg 
91:7 *Xl4d 
10 
PZ ‘8-LI ‘S:S] ‘UOTeIN{ONAISaI “S91gID0S 
8:9p -S:ST -6:7 ‘UONENIIS 
67:€7 “P4IIAYIOY 
G-pZ:Z ‘SuONe]al ‘ayeuorsa1 a][atsNpur uoIsuedx|,| 
aP d1VISTUIW 19 SAdINOSSaY Sap 19 SaUTIA SEP 
‘QI819U,] ep B1eISIUIW ‘JUas.UReUY ‘sawUeIs01g 
. $:g] ‘UONeIOI]aWe ‘a}1ATIINpOIg 
8:9p ‘SuOSIes ‘aT1oIyJIp aporsad ‘€R61-Z86l 
6:9p ‘Qouaploul ‘pl0odsdy ‘UTedTIgUIe-OpeURd BdUeYdI-31qQT] 
6:9b °8-S:ST ‘01:7 ‘JUaMIaUIBANOy 
8-Lp ‘S-Eb ‘Ob “BE ‘S-PE “ZE “87 “9-77:€7 “opnrg 
77ST ‘stojdurg 
6:7 ‘euamousyd ‘sajoaAD 
8:9p ‘01-67 ‘Seinsaw ‘uanuTeW ‘aiTANNed wo) 
L‘S:ST ‘6:7 “910 ‘uonestTeuONeI ‘sjamniINAIs sjuaWIAsULYD 
Q:S] ‘Sainsaw ‘yUaUTAaUIAANOS ‘aduRISISSY 
SLIISNPUI ‘SaUT| 
67: ‘UOTIeNIIS ‘sayd1aydoaiI ‘saulIeW-Snos 
O1:9p “sfude9eI Saploe snpIsay 
O€-67 
‘6:€7 [E-ZEST ‘SUOTISASBNs ‘UOTIeaIO “1DUTISTP d1gISTUT| 
Sb:€Z ‘UONeIBa}UI ‘UINTURIN ‘UONeTO;dxg 
€L:z ‘latulw jswadinby 
saul 
1-O1 “L-$:9p -S:S] “938 “Jepuew 
‘sjnsalqo ‘aumuerso0id ‘91193 eB] ap SaduaTIS 19 xNeIBUIW 
Z-1E:ST ‘Sayonogeap 
‘surly ‘atisnput ‘uonsedsoid ‘xneiau 1a xneIsUl| 
1€:9p ‘Sersoid ‘yuawiez1e1 | 
6:7 ‘awiagoid ‘xt1g 
O€-1c 
‘QT ‘OL ‘pI-L:Z ‘(uas]aIN) sauueis0id sap uswexa,| 
ap adieyd [ieAel ap adnoiy np suonepurewwodsal iq 
79h ‘9-7Z:EZ ‘BST “1-017 ‘aTesapay eperguiw enbiytjog 
€-77:Z ‘sainsaw ‘uoneioljewe ‘adev[IAIa1 
‘snpisai 1a uONIeITO]dxa ‘aInaligjul aitjenb ap ste1aul 
6:7 ‘uorstaaid ‘synod 
XnejauI 13 XNeIBUT| 
OL:9p ‘alisnpul,] 19 saoutAoid say ‘JuaWeUIIANOS 
a] a1j]Ua 3}U9}Ua,p sajodoj0id ‘arydeiZ01I1e9 13 SaAa] 
L:9Op ‘yepuryy 
OLS] ‘40da1 ‘uorstoap ‘uonelidoidde ‘yuewauIdANOy 
"ANG ‘ayO1qiays ep stydeis0j1e9 ap insu] 
Q-LEET ‘Bllessadau adueisisse 
“Qa ‘salTNoyJIp ‘uoTeNIS ‘sauTp JO JOOYIS ArnqgAaTIeyYy 


aj1N§S—'§ pyesasyy ‘uoY ‘MaUBLIIIA] 


ZI ‘6:9p “91a ‘saidayye Spuoy ‘aduvaysa 
‘suorsideid ‘aumweisoid ‘uone[nuitis ‘epeuedy ne uoneiojdxy 
6-81 ‘6:9p “512 ‘Sa1daTje Spuoj ‘“adue|ayde ‘SUOTSIDIIg 
Ls] ‘UOoIsn{[TV 
sajuajug ‘ayeiguim uoneio0ldxy 
LUZ ‘$19191UT ‘O1IeIUO-OIPAH ‘saurw ‘uogseyd ‘stuA-s1e1g 
L-9:9p ‘O€ ‘6:S] ‘UOTIDeITG ‘aryde1B01Ie9 1a SaAaq] { 
S-PE:s] ‘sasuadap sap 1e8png 
JIVISTUIW ‘SIdINOSSAaY 19 SaUI ‘ats19uq 
TE “67 ‘77 “61-S:9F ‘6861-8861 
9-1€ ‘9-pZ ‘7-17 ‘6-81 “ST -PST ‘8861-L861 
edisurid ya8pngq ‘sadimossay 1a saul ‘ats1aUuq 
OL:9p ‘Q1ATINR ayqrey e ‘uOTISad ‘sallvayonu siay2eq 
p-Eb:€Z “UOTILLDaTye ‘sitpais 
‘g1U9d Ud 19 SaTJaINeU SadUaIOS Ud SaydIBYIAI ap [Iasuo7y 
L:?Op ‘L861 Tew OZ 
J] ‘WBMENO & anuai ‘sayeiguIW SaAtj{dadsied say Ins aduarayuO7; 
9Z:Z ‘UOISN]]e ‘suOTssNdsIp 
‘SQUIIVLU-SNOS SAUIUW ‘19W L] ap 1OIP Np aduaiayuoy 
81:2 ‘INA 
81-7 
‘inauay ‘10dde1 ‘apnie,p adnoiz ‘sayjamnjeu sadinossay 
6-81:Z ‘Jeuuosiag 
9:9p ‘aitiqeinduyy 
L:S1 ‘JUeuauUOTSNy ‘aqgo[s np anbisXkyd ez] ep uo1yda11q 
9:9p ‘SBTATIOV 
epeuey np snbisojoas uorsstuw07 
E7-E7Z “BOI “BITWIOD 
€-Z1-9p “11:ST ‘uonenis “alord 
‘aSIPIN]j UW] Ua UOTISNQWIOD e& aIgIpNeYyd “g--N ‘weuleyD 
€-71-9p ‘UOTeNIIs 
‘afoid ‘nea-uoqgreys afqusnquios “q-"q-"] ‘UMOLaIIO]IeYD 
9-P1:9b -OP:€7 *b-Z1ST 
‘L7:Z ‘OlIeIUC,] SI9A EpeueyD np isen¢C,| ep wodsuesy 
p1:S] ‘Suostes ‘8119) P| 
ap Sadualos Sap 19 xNeIGUIW Sap suIWIeIdOId Ne JIoJsueI] 
91:9p ‘uornyod ‘ayrusr] 
ELS] ‘Altsnpuy 
uoqieyy 
TT:ST 
‘auiqesuodsai ‘uojeaig-dey np i1uauraddoyanap ap 219190 
TT-ST 
‘uonedionied ‘aigisturw ‘sadinossay 12 saul ‘a1s13auq 
yaloud ‘ya8oqie> 
87ET -8ST ‘2100 
OT ‘L:9b ‘8b:€Z7 °8:S1 “‘UONeINIonIsay 
S7E7 -7-17:Z ‘SUOepueWWOdII 
‘yaoddei ‘j1eaes ap ednois ‘sayjainjeu sadinossay 
LAWNV9S 
ZEET ‘SAdINOSay JO Jaquivyy eiiaqiy,| red 
gsodoid juaumnoop ‘1arurw juawiaddojaagap ap piodsoe ‘eisaqqry 
6-87:€7 
‘yepuew ‘euOTIeUIAIUI JUaWIaddO]aAap ap sUUAIPEUed adUasYy 
67°€7 
‘uorusod ‘aqyyedisiunw “jug ‘aye ION] Y ‘Wwauassidseyy 
6-8T°S1 “NOD 
aurwmieis01d ‘saatjIpaisoN suOTIOYy 
(anbuuepie 
epeuey np enbimouose uonowoid ap aduasy,] ins 
107] &] ap uoNedjdde,| ap adreyo a1jstutul ja s}UeIeqQuUIOS 
sualoue Sap Sallejyy Sap o1istuIw ‘(saul 13 $1910) 1814,p 
aristurm ‘("g-"N) Uvar-JUIeS—Jq) *S P]esey ‘uOY ‘Mauzsay) 


sz SANNOSSAY LA SANIW “AIOWANGA 


1-0€:ZI ‘wonei0;dxea ‘saarasas ‘[ainieu ZeH 
JlOJNvIg Ip 1dI\ 


Pep] ‘prose ‘Te1apey JUIWIaUIBANOS 13 aSsOdq-a]]AANON 
U0TZB10[dxa ‘1d]\J 


9-S7:9b -1-0€-bb “6861-8861 
GZ ‘OZ-61-LT *S-Ep'bI “8861-L86T 
Tedroutid yaspnq ‘sadinossay 12 saul ‘atd19Uq 
(sad1nossay sap / 
42 SUT Sap ‘aig1900 gq, ap a1aiSTUTWT) 1IeNIS ‘YIIOJSUdTA 


L1:9€ “8861-L86T 
arrejuawaiddns yaspnq ‘sadinossay 12 Saul ‘aIs19Ug 


(sadinossay sap 
12 SAUT] Sap ‘aId19Uq,] Ap e1eISTUIW) Wf ‘UBMOD-IEZZE LIA 


16-92 ‘SI ‘I1-S:8¢ ‘Uewexa ‘anbimouods ‘aiIeg]oNU atd198Ug 
(o11e1UQ-O1pA}]) BUIOT ‘[JaUUODIW 


S:pp ‘uoIssaiddns ‘saraizes 1a SaretjOmed $ajja9eI Sa] Ins axe] 
PEp] ‘UswMIeXxdal ‘BDULISISSE “JUIMIIUIBANOD 
LZ ‘O7:E ‘usuIE.UeUY ‘aininy uOIsuedxy 
919190 ‘apnidudS 
L@ ‘S-€1-pp ‘epurweap 
‘suomuaaqns ‘auruieiZ01d “;uauIaseINOSUA ‘IaT[O1E9d 1n9}9ag 
Lipp ‘SUOISIAdId ‘s}UaWassT}saAUT 
‘Inayea Ud asIW 1a UONeIO[dxa ‘s1ayJOIg UOWOTeS 
SUP] ‘uorIsnyyTe ‘auurers01d ‘uostew ‘000Z-a 
L-O:pp ‘aun ‘aweniny ‘aiquieyy ez] & syoddey 
9-SE:pI ‘UOTIISOd ‘sadInossay Sap 1a SauTW Sap 
‘g1319Uq,] ep eieisturw ‘uonestjeas “aloid ‘LT YWSUVaVvu 
‘ Z-I pp] ‘uorsedsns 
‘paid ans astwi ‘guuopi00) jeuONeU anbijasieue aUIWIeIsOIg 
€€ ‘TE-8Zp] ‘UOTONIWsUOD 
‘q] Neaidayq ‘aiteajonu eyeliuas “g-"N ‘neaiday] au10g 
1-0Z:bT ‘uoneiuesgid ‘10] ap yafo1g 
9: *€-Th'pl “UOTBIDaHe ‘spe 
O:pb :L-9Z-p] “512 “UOTIe{UaTIO ‘Ing 
vC-Pl 
‘SUOTIEI[NSUOD “aI]SIUIW IdIWi9a1dg ‘JUPUIBUIAANOS ‘e1IAqTV 
uaripeues swuieis01d ‘juawaseinosua 
‘Imajea Ua ast 1a UONeIO[Axa ‘zed 1a aTOIadg 
ZZ£ ‘UIedIIaWe [eds sUIda1 3] Jed 
SLIBJJO XNID E SIITL[IWIS SASLIURAL ‘SUBTPEULD SINassi}SaAu] 
ZL:€ ‘aduapriour ‘jamnjyeu zed np x11d 
Sa] 19 SaydIeW Sa] Ins ajuajug ‘anbii1jod ‘aonesiuetpeue) 
C:pb -9-CI pt ‘e1Ane0 
ua ast ‘(UOTIEXe) 19 UONLIYIIe}) ISaNO,] ep p10ddV 
ZB 12 8101194 
67 ‘€-77-€ *$919190¢$ 
LUpl ‘a]O1 ‘WUaWIaUIBANOy 
dIIISNpuUl ‘ajOIladg 
€7 ‘17:6 ‘Bt1ANIag 
8I ‘Lib ‘(219 “PIT 110 A¥SNH 
‘erusaqiy “ouy A8iauq apeisMaN ‘yesjnNewy) sialoig 
sjuswauuoTsiAoldde ‘ajolag 
0Z:£ ‘Wodsuely 
O€-S:€ ‘apnie ‘sadinossal 19 
311NG—SdA1ISay 
91N$ —9]0119d 
a11NG—|ad.1eA] ‘Udy ‘asse 


CI-bl ‘61:€ ‘Searasay 
Shh -Ol-bT “Xd 
LI-bT ‘Panoy a]0139g 
Spp ‘ApueUlep 12 IIJO 
Lipp ‘anbigaiens aoueioduy 
LI-pl ‘suorstagid ‘inayea ua astw ia uoNei0jdxg 
gO118g 
Lipp “epuew 
LZp ‘UOTeUsISap ‘aiIpiaiul auOz ‘sInauIN 
Lipp ‘uonesidde ‘anbrijod ‘uoneiuaseidai ‘sauoydooursy 
Lipp ‘SuOTSTAgid ‘s}uaWasstisaAul ‘xneAel ‘uoNeI0[dxg 
epeur)-Ollag 
Lipp ‘suoistagid 
‘S]UIWIassNsaaul ‘UOTIeIO]|dxa ‘wNs[OIeg UeIPeuRDUeg 
9-SZ ‘8:€ ‘SUOTIedYIpow ‘107 {218.1209 | ap [euoieu sd1jO 
6:bb -6°€ ‘epueW 
S7-€ “UOT eIID 
31319U9,| ap [eUONeU adTJO 
Leb ‘auaiug 
‘jeuorise1 anbrwouo0dse juswaddoyanap ‘yoIMsuNIg-neaanon 
Clb] ‘ainsedi31 prose ‘awwieigo0id ‘uononpes 
‘suoneuewg ‘xnainj[ns aplipAyue ‘919190S ‘epueioN 
Sopp ‘DEQENH-eME1NGO 9}Ua}Ua ‘UONIadso1d ‘sauT| 
CIP] ‘AUaprour ‘Inayea Ua astw ‘xnelgWI 13a xNeIIUT| 
OE-pT ‘gITWIOD 2] 43ed 
SgpueWap S}UBWIIUSIaSUaI ‘sadINOSSayY Sap 13 Saul Sap 
‘ais19ug,| ep e1ISTUILU NP UONeI[NSUODd ‘|qQDV.I eP 
UOTINAIIUOD ‘UOTJINIISUOdaI ‘sanbisin]][e1gWI sauisn ‘anbixay 
Pep] “‘pr0sse 
‘jelapaj JUIUIIUIBANOS 32 8SSO09q -a[[2ANON ‘uone10[dxa ‘1a 
6L:bT ‘uonedisnsed 
‘JUSWIUIBANOS ‘jUIsW9dd.UeUY ‘ajUPIWIe,| sp UaIpeued InINsSU] 
SErT ‘aloid ‘yseg ‘1a}suTWIpAOTT 
B UONLSIIOTLA ap aursn ‘319190s “pry [IO Aysny 
O€:I ‘TIO [IQOYW 12 [eIOUIAOId ‘;e1apay syUaMIaUIaANOS 
$3] 911U9 UONeIDOZEU ‘UONeTO[dxa ‘jafoid ‘e1usaqipy 
SUPT ‘UO dNpuodsal ‘aurWIeIs01d ‘sayno1Y—aa ‘JaInieu ZeH 
€l ‘S:¢ ‘Jeuawuepuoy} adioulig 
9-S:bb -9-STbT IZ ‘OI 6-L “SE ‘SIA 
Lig ‘Wesxe ‘1aduejeg ueer ap 21119] ‘sanbiuys 
sjinpoid ap sjuediigej Sap auUaIpeued UOTIeIDOSSY 
OI ‘L:¢ ‘uonestddy 
ajuaiug ‘xiid 1a saydiew ‘jainjeu zeH 
8:¢ ‘Sa1UaA 
O1-6:€ ‘Wodsue1y 
8I-€ *Xlid 
8-L7-bh °O1 “9:€ ‘slur-sie1g xne suoneiiodxg 
O€ ‘L-SZ “9-b1 ‘6:€ ‘SiUepgoxg 
9:¢ ‘UOTIvUIWIOSUOZ 
yeinieu zeH 
6:bP ‘N11Qnd usawexa 
“‘saig}119 ‘[e1apay Snssad01g ‘a[e}UaWIaUUOIIAUS UONeN{eAg 
Ih:€ ‘ajonad ‘stuq-sieig 
8p ‘UoTISod ‘\uauTaUIaANOD | 
QZ ‘8'pp ‘auUaTTOS a1s198ug 
B:bb -€E “LEP ‘assemorg 
sa]qejaAnoual saigiauq 
€-CE-b1 
‘uortsod ‘juaWeUIaANOS ‘JUaWassIsIV]A ‘aITeg;oNU aIs1aUgq 
Cp] “UONeIID ‘JaTIQISIUTUT 9IIWIOD ‘}UsWAUUOIIAUA 12 a18100q 
a1IN§—ad1B ‘UoY ‘assey 


SHOUNOSSAA LA SANIW “AIOWANA x4 


Q:pp ‘JepueUl ‘IN|}daS ‘sUOTIeITUNTIWIOD Ja ayeqoys anbiy1[og 
C-b€ ‘STP ‘Tauuosiag 
Ol‘bb ‘p-€T pl ‘Vepuew 
Ob-6E:b1 ‘UOTIDAIIG ‘etyde130j1e9 1a SAT] 
€-1Z ‘LI ‘1-OT:bb ‘ZT ‘souoydosuesy 
6b ‘UOTIVII19 
‘JALIIISTUIWIIIIUT VIIWIOD ‘AIVSIUTW “JUIWIUUOIIAUY 14 
QI:p] ‘sasuedap sap ia3png 
6:bb ‘SI:pl ‘Neeing ‘sale}USsWIIUUOIIAUS SalIejjy 
6l-bb -OC:pT ‘NOD “UOTeIsTUIWIpPY 
Il ‘bpp ‘npuas aiduros ‘say1Andy 
dIIISIUIW ‘SadINOSsayY 19 SAUTI| ‘a1819uq 
C£-6¢ ‘L7-b:bb ‘6861-8861 
Or ‘pb-8E ‘9C-CI-bI ‘8861-L86I1 
yedroutid ya8pnq ‘sadinossay 12 saul ‘as18ug 
77:6 ‘UOISN]|[e ‘afeIpuow adUaIezUOD ‘a1810uq 
9-¢:€ ‘UOT}USAIIUT ‘{UdUISUIBANOS ‘UOTIVIYLIC | 
0€-62:bh ‘p1:¢ ‘enbuadieus enbuityog 
pC:pp ‘elueuTUTUTT UONeoITGnd ‘;uauINdOp ‘suoTIdO 
Z-1Z:€ ‘yoalgo ‘asqrmbe 
aisnf ‘auuerpeues giatidoid ja siaduei9 S}UaWAassIsaAU] 
SI:bT ‘TuaAy 
a1s108ug 
€-1E ‘Sp ‘sous, 
C:bp “USUTUIWIT UOT}e10Qe|3S ‘anbri1jog 
0Z-61:6p ‘Suonei10dxg 
pp ‘epueuwisqg 
QUOI I9T 4 
CEET 
‘UOISIAQI ‘SajUaIU ‘[euOIse1 anbrurou0dsa juamaddojaaaq 
6:bb “912 ‘siuedronsed ‘yng ‘anbrjqnd uoneinsuoD 
pZ-b:6p ‘apnie ‘aoddes ‘JueIpNsuod ai1WI0D 
anbijas1eue aduenyquoy 
Cl-bP 
‘jauuosied ‘anbrusoje 91819U9,] ap 3]Q11U0S ap UOTSsTUIMIOD 
p-€Z'E ‘epeuey-oneg sed paywry] 
AZ19Uq PUeTPUNOJMAN & aiUaA ‘aliauyyel ‘adueYyD-Aq-aw10D 
ppp] ‘uonedionied ‘epeuey-onag ‘aloud “q-"N ‘Jesseyoo 
6l-pp ‘uoler0]dxa ‘zed 1a ayoned ‘sa8.1035) ap oueg 
61-bT ‘uonisod ‘]T@ARI} NP ayeuotjeusajUl uoTiesIuesiIO, 
6-81-b] ‘atasnpu] 
07-61] ‘anbritjod ‘yuawau1aAnoy 
6L:p] ‘uotisod ‘AouaSp u0119a104g JDJUaMUOsIAUT 
a1uUeIWYy 
€-7Z:€ ‘suoissnsieday 
P-€Tbp ‘WOTINJOAY ‘saTsay 
aumuieiso0id ‘saatiIpei99e suOTIDY 
(sadinossay sap 19 SauT) Sap 


‘a1Z19Uq,] AP BIStUIW ‘seUd}UOIJ—Dq) JedIBIA “UOY ‘assey 


aati] ‘epeued np anbrwoie aigiaug 4104 “asinoy ‘uljzseyW 


6-b1 ‘ZI ‘Ol-v:01 ‘apnie ‘sedinossai ‘uogieyyD 


(auuaIpeued aigIuUOgIeYS UOTIEIDOSSY) PIBYITY ‘“TTeYysseyA] 


IIWOUOIG—INIII19a/q 1SSND 110A 
suIOWa] 410A ‘adeusIOWa} ‘JURIUasaiday 


SuIZ[NSUOD 3d.1nosay IaqIEJ\ 


nNeasay—aUd11d9]q 410A “eQozIULW 


C767 ‘StU -SIeIY Sap aitegjonu etd19U9,p 
guureig01d a] Ins suotssno1adad ‘/g6] 9IQUI2eAOU ¢ NP 310A 


allegINu seijuad ‘aayunA UID 


9-16 ‘6-8b ‘Sb-b7:9 ‘apni “sadinossai 38 SaArasaI ‘aTO1Iag 
(souryadig epeuegsueiy) ‘f¢ ple1ay ‘aareyw 


ZC ‘O€:9 ‘paiwry Sunayrep] sey ussisaA 
SI:ze ‘Auedwoy ys] 2 1amog Aeuai00y say 
€-0€:9 ‘sourjedig epeuedsur1y 
pe ‘TELE ‘PANIN-9119. |, 
6:07 ‘SerteayoNu sulIeWI-snos 
S-EL bb ‘8E:pl ‘auueZ0Id ‘YUaWIaseINODUA ‘IaT;OIIad Ina}da¢ 
ZL:S1 ‘yaloid ‘stanjudg yeod enods 
ZELT ‘urei9,p eur ““q-"N ‘WoOsTy org 
1-01:0Z ‘107 ‘artegjonu ayt[Iqesuodsay 
Z7:Lb ‘07-07 ‘arTegTINU aitTIqesuodsay 
1-6 ‘L:L2 *L-97:S7 ‘2uD]q a4q1T ‘aes BWIOJIY 
€1:SZ ‘919190s ‘asnoyuais peay 
CZ ‘TTL *L:S€ -0Z-61:07 ‘Serteg}INu sinaiseay 
6-8Z:p]T ‘arteg}Inu ayesuas “g-"N ‘neaiday ajutog 
8I1Z ‘Sgigis0s ‘sautjedig 
67:Sp ‘e1leg]INu ajeIIUIad “UG “BULIBydIg 
ZE ‘OT:97 ‘alzsnput ‘ze3 1a aforag 

G-b9€ (87 ‘Z-OZ'p] ‘UaIpeues suWeIs0I1d 
‘JuaWMIaseINOIUA ‘INI]TeA Ua ISIW 19 UOTIeIO[dx~a ‘zed 19 BJONag 
8:97 ‘6-87 “b-Z1:€ ‘228 19 Bjonag 
S-pL:ZI ‘syuaumauuorsiaoidde ‘ajoneg 

L-SZ 
[S-CL81 *9-SE “9-b2 ‘6-PTZI “EE “TE “EC “L-PTAT “PS “9-Sp 
b-0€:9 *ZE ‘6-87 “b-7Z ‘b-1L1:€ ‘epnia ‘sadinossal ja SaATasay 
L:9Z ‘2101194 
bE ‘8-97 ‘p-O1:SZ ‘apnie ‘ogel Januue r10ddey 

p-Il:S% -p7:7] “epeuerD-oniag 
6:LP -9-S7:67 ‘OlIeIUO 
SIZ ‘as19u9,| ep [euONeU sdIYO 
0Z ‘8-91 ‘6-9:S€ ‘arTeaTINU In9}de81 “UG ‘UOIYdoY ‘GdqdN 

97:61 ‘Ib-8€ “9-S1 
‘g-Lp ‘yaloid ‘uonesiioyea ap ouisn ‘dul AS1aUq apeInMen 
9:9¢ ‘Xne}IUI 1a xNeIBUIP 
$767 ‘Alleaponu s[eUas ‘aayuD A UuIDW 
OL:ST “anO ‘ayxooigiays ap atydess011¥9 ap ininsuy] 

b-Z€ “11-6 ‘L:L7 -€-ZE “91 
‘pl ‘8-L:97 ‘opniea “ITUaAe ‘saraTUIW 1a Satal[O1ed sal1jsnpuy 
8-91:6€ ‘NuaAal 3] Ins 10d wy 
IULb ‘O€:6€ ‘97:67 ‘OleIUQ-O1pAH 
SE-bT ‘919190s “pry [10 Aysny 
LUST *O€-67'b1 “alord ‘erusaqry 
$S:9 ‘I1:¢ ‘auaiug ‘xiid 1a saysiew ‘Jamnjeu zeny 
8-LT-Ph -€-ZE9T ‘11-8217 “PS “9-Sh “E€:9 ‘Jomnieu zeH 
ZL:9p ‘QwueIZ0Id ‘uone[nwns ‘epeuey ne uoneiojdxq 
ZI ‘8-9:9¢ ‘SaiuaiUg ‘aTe1guIW UONe}O]dxq 
ZE°6€ “PI'ST OTT ‘stuA-sieig 
CELT “@lysnpul ‘ure 
L-9T-bb *E1°9E *L-S7 “S-b1 ‘71:81 ‘SatqejaAnoual saidieug 
I€ ‘61:6€ ‘e]21T7e1ed uONei9Uad NO daAtid aIs10uUq 
b-€7 ‘07:07 ‘aIsnpur ‘airesjonu ai310ug 

SZ ‘@Z “T1-6:Lb 

‘7-O€ “6-91-6E€ “b-ZE “6-97 “B-ST“LE -€-1Z ‘11-6-0€ 
‘Z-1€ ‘9-S7:67 ‘UaUTexa ‘anbiwOUOde ‘alleajINU aId1dUq 
Il ‘8ip] ‘uawexe ai1dep ed suoneurWION : 
87'Sh *6:0E “EE ‘PZ*p ‘eQIIWITT ‘epeueD np enbrmoye aid18ug 

a11NS—|]assny ‘ue[a IV 


€7 SAOUNNOSSA LA SANIW “AIOVANA 


€T 
*$:9€ °1-97 ‘8-CI-:L] “alg sturWM “sadInossay 32 SAUTIA ‘aisiaug 
€-11 ‘8-p:9€ +1-07 ‘8-91 ‘6-9°SE “8861-L861 
Tp-8€ ‘S-EE€ ‘b-1Z “O-ST ‘8-Lh "L861 -9861 
airejuawieddns yaspng 
TE ‘8-92 ‘“b-Z1:9b *1E-87Sb *p-1E ‘8-97 “S-TT-PP “6861-8861 
8-91 ‘11-817 -O€ ‘S-€7 “07-61 
‘11-6:07 *8-97 ‘8-9°61 *€-ZE “L-97Z “8-ET:LT 
“L-SE ‘O€-87 ‘Z1-6:ST “hr ‘6-8E ‘OE-87 ‘Z-O7-PT “8861-2861 
edroutid iadpng 
SadINOssay 19 SOUT] ‘B1S1IUq 
LUZ ‘asseug 
L-9T:LE “SB1IBIIOS ‘SIdTAIAS ‘gUdTsI0a1g 
€-TEbb -O-CT*LE “17-O€ “93191119a1g 
1-OT‘SZ -8-L:6T “PT Wnajonag ewoqd 
ZZ:0€ (S-€€ ‘b-1Z:p ‘UOTISEd ‘saiteajonu siayseq 
1-O€:Sp ‘elTeajonu sferjUad “UG ‘UuOdUTTIeEG 
€-72 ‘C-11 6b 
‘apnia ‘y10ddei Yneipnsuod g11W0D ‘anbuadieuag aduanuoD 
6-9L:ZI ‘2917 eeledwy a1atjomed s1usedwog 
Z-IL-bb ‘anbiwmojie 31d19U9,| ep 3[91]U05 ap UOISSIUIWIOD 
9-S7-61 “91TW0D 
p-€7ZE ‘alaauyyes ‘aoueyD-Aqg-awio07y 
prpl “eloid “gq-"N “lasseyoD 
b-EL:9p ‘T-O1:ST “ialord 
‘QSIPIN] 1] Us UOTISNQUIOD & algIpneyd “g--N ‘WeyieyD 
b-E€1:9b -T1:ST 
‘jaloid ‘nea-uoqgieyd a[qusnqwios “q-"q-"] “UMO}A}}0] 124) 
8-LI ‘Z1-6:01 ‘apnia ‘sazmnossay 
87 ‘97:9p “UOqreYyD 
8-LULE ‘1¢:67 ‘Sonbrw1ay) sayemuag 
11-6:9% :SI:LE ‘Seitegjonu sayeijusa) 
7-17 ‘T-O1:0€ “AAtegjonu Imaisee1 “MONWO 
8z:LE ‘AlIOUINY IaMOg I[[1[AgUUOg 
Q-LIESLE ‘931911199]9,] BP BUUITPeUeLd UOTIEIDOSSY 
LZ6| ‘ats19U9,| Ip aeuONeUIIIUI adUasY 
(skaupdhs ey ]—uoieig adej—’7) [Jassny ‘ueljayoRW 


Ob-9€ ‘PE-OT ‘L:Op ‘UaWexa ‘anbrwmoUode ‘aileaj]onu aisiaug 
(qo1Msunig 
-NBIANON Np anbi1j9a]9 a1B1aUa,p UOISSIWIWIOD) “YY ‘aIzuayIey] 
Eacc 
‘LT ‘pl ‘LiLZ ‘opnia ‘1lueaar ‘sargtutw 1a saratjOsjed Satzisnpuy] 
(epeuey np asatjomad uoneisossy) suey ‘fare 


C-€1:7 ‘aouvisisse “uiod ne astw ‘ra1uTW JUaWAadInby 
Sa[VUOIZEUIIIU] 19ZOY SoUTYyIE) 


Qi] ‘Sadeuslowla} 1a xNeqIZA-SI901g 
aie | 
‘uauiexea ‘ja1dap ied suoneuiwou ‘aid19ua,| ap [EUOTIEU BDO 
8-LE-€z “opnig 
$77 ‘BTIISNpuUl “saul 
7 ‘77:7 “(UasTaIN) 
sawmweisoid sap uawiexa,| ap ad1eyd [IeAen ap adnoiH 
Np suoNepueWMIWI0daI ja a[e1apay aTesgUIW aNnbiy1]0g 
72:7 ‘xNejawW 12 xNvIIUIW 
6-LE:LZ ‘epmie ‘uae ‘saratuTW ja saia1jOIied satisnpu] 
€-17:6Z ‘Uewexe ‘anbiwoUode ‘aitegfonu etd19ug 
6:] ‘Usutexea “ja1Dap 
sed suoneurwmou ‘aai1wiry ‘epeued np enbrwoje aisiaugq 
amg—'y uyor ‘[jEsnogoey 


€l:‘] “uewrexe ‘a1DEp 
Jed suoneurmou ‘aigisturwm ‘sadinossay 32 SeUTW ‘aigieug 


€-77:67 ‘UOTISAS ‘sarleg;oNU siaydeq 
p77 ‘juasIV 
(Surmeystwt]—)d) *W uYyor ‘TTesnoqoew 
LULI ‘stessa ‘uoresijeai ‘Inajeurpszo0 red saq1eD 
A9[IM}}9Q -Pleuopsey| 
euUOG—'d19 ‘UOT}BIOAUOD 
‘uolniedwoj—sulowla]—diTWI0D 410A “pIeMOY ‘preuopsepy 


O€:€7 “Opni9 ‘alsjsnput ‘saul 
(sadInosay jo 1aquieyy eiJaqiy) stuuag ‘aAo7y 


Ob-62 “L-1Z “6-O1 “9-p:8I ‘apnie ‘sadinossal 1a SaAtasai ‘afO1198g 
(‘Uy epeueD np aitejos a1s10ug.p 919190S) 3noq ‘UBUIIII0F 


QUIS}—9}9190S “pr 
HO Aysny 470A *3afoad ‘uorjesti0peA ap autsn ‘1aj}sutupAOT'] 


07Z-61:9p ‘XNPARI} ‘QUUATIIINeQ NO se} Ug 
UOISEIAIXI] 


JVISY PUIIOJOY 410A ‘2uUY]g a4arT 


I€-6Z:LT “918 ‘IuUswWsdueUY ‘uONd119Ssaq 
auwieis01d ‘aqoidousry 


uoqgieyy) 4270, *ayUsIy 
UONLUIUId[sayY—2IdIIU_ 410A ‘SadUuadI'] 


SIIISNPUI ‘assejOg ‘ailindag—siuswmauuUOIsIAOIdde 
‘gjONeg ‘Wepue(—alsi9dug,| ap JeuOTIeU BdTJO ‘atjsnpul 

‘SOUT ‘d1IISNPUI ‘aileg[INU sIs18Uq ‘suoTei0dxg 
—9IINDa1q 410A "ps0ddy ‘UIVILIQUIe-OpeUueD a8ueYyd9-2.1qI'] 


6-bZ ‘TZ-p:ZE ‘UaIeXxa ‘anbimmoOUode ‘aITea]INU sId18Uq 
0S-9b ‘pb ‘7-1 b ‘8E-87Eb 
‘6861-8861 Tedidurid ya3pnq ‘sadinossay 1a seul ‘aIs10Uq 
(anbiwioie 
31d19U9,] IP 3[Q1IUOD ap UOTSSIWIWIOD) “W-"f-guay ‘anbsaaaq 


JIISIUIW ‘S9dINOSSdy 19 SOUT ‘aIZ1IU_ SND 110A 
O1:9p ‘altisnpul,] 
19 SIJUTAOIA Sa] ‘JUSWIUIGANOS 2] 311Ua 31U9}12, p $2]090101g 
a1yde130}189 33 Sada] 
aiTeg]oNuU s[eIIUsd “g-"N ‘neaiday] auUlog 470, “]] 39 | Neeaday] 
87 ‘OC-8I ‘11-8 “9-61 “BE “8-L7 ‘7-1 7" 
‘8861-L861 Tediourid ias3pnq ‘sadinossay 310 SauT| ‘aIs18Uq 
(sadinossay sap 
12 SOUT Sap ‘aId19Uq,| ep a1aisturm) Adarey ‘1eze] 
O€-62 ‘O1-8:Sh 
‘6861-8861 Tedisurid iaspnq ‘sadinossay 1a Saul ‘aIs18Uq 
(agyIwiTy ‘epeued np enbruroje ais1auq) preuog ‘uosmey 


O€ “8-SZ “€-02 “L-€1 ‘6 ‘9-p:91 ‘Opnig ‘alnsnpur ‘soutp 
(epeuesy 
JO uOnieID0Ssy S1adojaAeq pue s10idedso1g) uYor ‘yoIeT 


O€-87-bP 
‘6861-8861 Tedioulid iaspnq ‘sadinossay 13 sauT ‘atsi0uq 
O€-67'bp ‘a1319Ug 
(211@S&J—Dd) apnelD ‘sa1yQUeT 
ayonequiyq—|euuosiag—ale}stulw 
‘sadInossay 32 SAU ‘aISIAUg 410, “10T ‘saTfatayjyo sansuey 


SaDUNOSSaAa LA SANIW ‘AIOWANG (<4 


8E-6Z:97 ‘OpNie ‘11uaAe ‘sargruTUT 1a SazaTfONed salmisnpu] 
(epeury 
jO uOTIeID0SSY s1z9Npolg pur siai0jdxq |]ewWg) uay ‘yasquiey] 


UUAaT[OE sId19Uq 
—Sa]Qe]aAnoual Sais1au_ 410, *3UC ‘a}INI-apuRsy LP] ap IT 


JIZISTUIW ‘SadINOSSay 19 SIUTY ‘AId1IUg 1SSND 110A 
O€ ‘ET ‘8:67 ‘Uawexe ‘anbrwou0se ‘auregjonu aisi9eug 
Ql ‘p-11 ‘9-S:9€ ‘8861-L861 erTeyueweiddns iaspng 
b-€€ ‘OE * ‘8-LZ ‘07-61 "bh ‘6861-8861 
Of “SELVES 
‘OZ ‘8-91 “PI ‘S:61 “Sb “Eb “L-9€ “Z-1E “SZ ‘O7*PI ‘8861-L861 
edrioutrid yaspng 
sadinossay 32 Seul|y ‘aId10Uq 
(sadinossay sap 
12 SOUT Sap ‘aId198UY,| ep e1gIstUTW) INYITY ‘1389014 


7Z:9 ‘apnia ‘sadinossal 13 SaATaSaI ‘alO1}aq 
(sadinosay sed Aji1-19}U]) Jajag ‘jayuary 


G-pZ:0¢ ‘SadA} ‘sarteajonu sinaideay 
02:0¢ ‘081 ‘QdGNV) 2etes]onu Iinajde—a1 
UN,P UOISSIUINOS ‘aa}IWIT] ‘epeueD np enbiwoje aisisug 
kuedwio) 311393[q Ba10y 


9-r€ ‘OE ‘8-LZ:LE ‘UaWexe ‘anbiwoUode ‘aiteg[INU aI31aUq 
(911911192]9,| ap auUaIPeURd UOTIEIDOSSY) SUR} ‘MOUDYy 


SINIJCUIWIEXS, P UOISSIUIWIOD 4704 ‘prempg AyIOWT] ‘aydaoy 
boy, 
‘6861-8861 Tedtoutid 1a8pnq ‘sadinossay 32 sauT ‘ats10uq 
(aig19ua,| ap TeuONeU BdjO) UYOS ‘d1ABUaTY 


ZE ‘O€-62 ‘LZ ‘L-9: ‘apnie ‘sadinossai ja SaAtasai “alO113ag 
(uoIsstusue1] Se sassauuay) wir ‘hay 


6-SE ‘ZE-BI ‘blip ‘Uewexea ‘anbiwouode ‘ai1egjanu arsi0ug 
(2un[Nsuoy ad1nosay saqiey]) uelig ‘AT]ay 


€-ZE ‘07:8 ‘epnia “sadinossal 13 SaAtasSaI ‘a[O1}9q 
Qjafoid ‘spy 40]0Z) aC ‘usunsney 


1€-SZ ‘€-0Z ‘8-01: 1€ ‘Uewexe ‘anbrmou0dg ‘astegjonu ard1auq 
(a1819ua,| ap [eUONeU 9dJO) xaV ‘seIey 


asIW—eWIWIeISOId ‘SaATITPIIIIe SUOTIDY 470, ‘apnjza ‘UOWATLY 
XNPIBUI 19 XNLIIUT| 470A *JUIWASIZ ‘EIN ap ueNnL 


sjafo1g—a]euoneuiaiul 
aoueisisse,] Inod epeuey-oneg uoneiodio) 110, ‘atueps0r 


S7-L¢ “WintueIy) 
PE ‘p-E€Z:LE “PANAN-2119], 
L-97Z ‘b-ZZ:6 ‘Apnia ‘sadInossal ja SaAIasal ‘a]O1Ig 
ZE-LE “N-'L ‘PaweyY sayl 
9-1€ ‘S-€7:LE ‘UaWeXa ‘anbiwouods ‘aliegjonu aIsiaUq 
77:6 ‘aurMeisoid ‘uonnsieda. ‘aid132ug 
Z-TE:LE “9UIIAIDATY 
(uondasu0j—Aituli J —eisiaeuog—)q) Aasst1s0y ‘uosuyot 
1€-92 ‘p-1Z “6-21 ‘O1-$:07 
‘8861-L861 Tedioutid iadpnq ‘sadinossay 32 sauTp| ‘ats1auq 
(anbrui0ie a1319U9,] IP 2]01]U09 ap UOTSstUIWIOD) UOL ‘suayauUaS 
S-€7 “I7:L1 
‘8861-L861 Ted1oulid ia8pnq ‘saoinossay 1a sauIp ‘ais1eug 
(sadinossay sap 
Ja Saul Sap ‘aId19U,] ep s1eIsIUIW) “DAA ‘Asaor 


a1IISNpUuj—uUOgIeY 1SSND 410A 
8I:¢ ‘anbriyjod ‘sjuawauuorstaoidde ‘ajoneg 
uodert 


qaodsue1]—yeinjeu 
ZeH—SIUL)-SIe1q 410A “wWa}skS uoIsstusuel] sey stonbo.] 


07-61: 1] ‘auaptoul ‘ye1j-UeI] a1ian3 ‘uondnpold ‘ajoreg 
uel] 


g]OII9g—uUeI] 410A "yell 
epeuey jo uoNeD0ssy WINaolag jUapuadapy] 104 ‘DYdI 


6-S:Eh ‘ASIAOIIUOD ‘sj11e} ‘pano] ajorad 12 1339] a]OIIEg 
8:Ep ‘2ouasge ‘GNO,] ep seidne ajja1syjo ajanba1 ‘uoisuedxy 
powwry aury adig jersutAo0id.a3uy 


Xl1gd—uoqieyy 410A *283N4Suy jUaUIdOaAag [eOD [eUOTeUAa}U] 


SUIOW9] 4104 ‘adeusIOWa) ‘JURUaSIIday 
sad.1nosay Sey AjID-193U] 


SJLIJUOD—PaU] SUNIYZAC] SEH UsIISAaMA 1SSND 410A 
SUIOWI] 470A ‘adeusIOUa} “URUaSaIday 
Uu01}2.10d.105 sey 4}1D-193U] 


L:Op “yepueW 
OT:s1 ‘y40dai ‘uorsisap ‘uonetidoidde ‘uawiausaanoy 
‘and ‘34001g.19Y4S ap aryde1802.189 ap 4njzIWSUT] 


6l-bT ‘Uonedisn1ed ‘UaWIaUIaANOS ‘jUaWIa.UeUI 
d,URIUIL,| 9p UdIPEULD 3NzI}SU] 


aBUOTIEU BATILIIU] ‘WUaWAde|dwIAaI1 ap aId19Ua 19 
atwouods ‘aisi9uq 1077]d 10,4 *yUaWIAIe|duIaJ ap a1819Ua,p 
32 a13.19U9,P IIWIOUNDI,p 219IJEW UI J[BUOIZEU JAIZEIBIU] 


gyeuoneu sAnentuyl 
‘yuamlese|dwial ap a1d1aua 39 BIUIOUODE ‘31318Uq 4104 ‘“YWAANI 


Ch-P7LZ ‘8E-9:97 ‘apnig 
JTUAAR ‘SIIITUIUW 32 Sd1QITO.1j39d Satysnpuy 


aISNpul ‘aieajonu sis1euy 7077j)d NO, *aaTeajonu aiaysnpu 
I I “211e9 t J 7¢ 10A “d1Tea ! I 


AdUIPIOUI ‘9UDIG ada1T V[eISy 
IWIOJAY—Saaida[tAtid suonse 1a awUTWIeIZOId ‘saaTITpas99e 
suOl}IV—2lAISNpuUl ‘ze3 1a BjOMag ‘ste1qJ—i10dsue1] 

12 JJaPOW—S2119ANOIIQ—2I]ONI9g {JaInieU ZeH 2ssND 410A 
71-97 

‘uosTe1edW0d ‘9861 19 S86] ep 1UeWAapUaI ap xne} ‘sa19T90¢S 

p-€1:97 ‘auINsel ‘uOTIeNIUS 

suIOWa] 4704 “SadeusIOWa) ‘sj}UeUasaiday 

9:97 ‘SeIquiajy 

(OVd]I) Bpeued jo uoljeId0ssy winajo1jeg Juepuadapuy 


sadinosay epeuey odexa] 
‘S9191I90S—oI1ISN pul ‘ajO1ag ‘alusnput ‘uonsdedso1d 
‘XNPIIUT 19 XNLIQUIW *S919I90S ‘sadtA1ag—9I191119214 
—SIU(}-S}81q °SA19IDOS ‘SADIAIAS “AIDIIIDI]A 1SSNY 410A 
O0Z-61:LZ ‘uorenyeag, p apolied ‘saratpeiuo sued} suonoesues it 
afeosy awWI1OJIY 107d 0A “AWIOJIY 
61:LZ ‘uontsodoid 
‘epeuey np aigijoned uoneisossy ‘11aysues ‘sa11ag 
8-91:LZ ‘Suonednss0e1d ‘yuawiai1Ag-NUe suOTIISOdsIq 
9-P1:LZ ‘Suonsadsns ‘sadueAapai inod uondnpegq 
31G§—NUdAda. J] Ins ,OdwI] 


1i4 SHOAMNOSSAA LA SANIW “AIONANGA 


O7-PT-6£ 
‘gjajjeaed uonesgues no aaatid a1g19u9,| Ins sdUAapIdU] 
6€ 
‘¢-7Z:0p ‘uotssaiddns ‘pe a1103a1e9 ‘a19[999" JUBUIASSIIOWUIY 
nudaal a] ans joduy 


9017] ae1redwiy 
aratjoijed atusedui0g 107N]d 410, ‘paywry [IO [elsedwuy 


ZE-LE ‘ODPION ep 
yafoid ‘ao1noursIVU 91319U9,| ap INjsed & 9119I119a[q 
‘No L ‘vawey sayy 
quUaT]OE sId10Ugq 
—Sa]qejeanoual Saisieuq 410A ‘and ‘aulajapey-P]-ap-say] 


uononisu0s 
‘]] neaiday—'g-'N ‘neaiday ajulog 470A *‘prenopy-ddulig-np-aq] 


saye1jua)}—SIup)-Sie1q SUOgIeYD Ne sajemUaD 1ssND 110A 
6-87:9p ‘suOoIsSnITy 
(29139101 UOedYIgzeS Bp VUIQWIOD 8[9AD) DODI 
yormsunig-neaanon 
NP anbi4399]2 a1d19Ua, Pp UOISSIWIWIOD 470A *“daQanO-o1pAH 


UINTURI() ‘aa1ITWI][J—el1ea]InuU ait[Iqesuodsay 
suotid Q—911911199[q—OUEIUO ‘aumumeis01d 
‘yuaulasse[saq—ellesjonu InajoeaI “UO ‘UdIYyd|oY 
‘CdN ‘uoqieyn—stuy}-sivig ‘eyjOQ—ertegonu as19ug 
uaweddoyaaeap 1a ays1ayooy—eeluIT] ‘epeueD np 
anbiwoi aigiaug ‘aj3nJ—uoqgieyd ne sayenuay issnv 0A 
suIoWa] 10,4 ‘sadeusiows) ‘siueiuasaiday 
RE-pE ‘SuUOISIDaId ‘xOOTIA, 2 yIOIQeg sed iUsWasInOqUIaY 
T-O€-6€ 
‘gjoi ‘sinajionpoid sjnad ‘anueses ‘aratjnder snjd uonsnpoig 
€-7E 1p “UOISSIA 
Z-LLLb ipl:se ‘eouewiodut ‘uones10ge][o9 ‘JOv_ 14 
€-7p: Lh ‘EETh 9-Sp-8E “119d 
Ib ‘SE16E ‘adIeyd ‘apuewieg 
97:67 ‘WONSES ‘sarTeg}oNU S}Jayseq 
S:Lp ‘1aoddel ‘(arepy UOISSTUIWIOD) MoIAay AlaTES 
IBI]INN OLILIUG ‘satjauUoOrssayoid 3a sanbruysa} saouaiadwoD 
p-Ep:SE ‘Set10391v9 ‘siuaTTD 
Z-I bl ‘auyiqissod ‘uonesijun-uou ‘sanbiusayi sayeruad 
67:67 ‘UOMSI[IIN ‘aiteayInu In3ajdva1 “‘QGQNVD 
CBE ‘SIATIOV 
OL1v}UQ-O1pAH 


sadINOS—AD1I199[q 410A *93191.1399]9-01pAH 


€-1T:LT ‘epeury-oneg ep aiorid yalo1g 
IZ:L1 ‘F102190 
LAWNYD @P apes0.id ‘agenbess01psH 


9-SZ ‘0Z-61:Z ‘(WasTaIN) sewuesid0id sap uauiexa,| 
ap adieyd [Ieaes ap adnoiy np suojepuewwodsal 
12 aye19pay ayerguriw enbrirjod ‘xnejeaw ja xne19UIW] 
(sadinossay sap 
ja SaUTJY Sap ‘a1s19Ug, | AP I1IISIUIW) WITT ‘UOsTYdINY 


epuewep 
‘suonuaaqns—euuieis0id ‘juawaseinosua ‘1a1;onNad 
Inajdag ‘sjafo1g—siuamauuorstaoidde ‘ajoiad 1SSND 410A 
8-r1 6h ‘SUOSIEY 
p-C1p ‘yaodsues ‘pinoy sjo1ag 
ayimg—"*ySeg ‘1aysuTMIpAOTT & UONSIIO]LA ap BUTS) 
arg —93g190s “pr [10 A4SNH 


L-91-66 ‘8€P1 ‘OL:p “918 ‘“UawadUeUY ‘anbruysai apnig 
8EPl 'pe:g ‘uONoNpoid ue sanuq 
OT “€1 ‘O1b “IN0D 
ET: ‘gusedeD 
yaloid ‘yseg ‘raysuTUIpAOT] & UOTIESIIOTeA ap aus 
SUIOWa] 470A ‘SadeusIOWa) ‘sjueUasaIday 
9-S:¢ ‘D129 ‘uoneindal ‘sayIATIOV 
9391008 “p7T [10 AysnH 
87 ‘P-E€Z:ZI ‘apnie ‘sadinossai 1a SaArasal ‘aloe 
(2917 ae11adwy e1e1jomed satusedwio5) wir ‘saysny 


d1319U9,] 9p [eUONeU BdJO 10,4 “UOIAG “yY ‘JaUIOH 


epeue)-o1ag—sasipueddy issnp 10,4 

SE-bI ‘1T-6:SZ ‘epnie ‘9g6] Jonuue i10dde1 ‘epeueD-o1ag 
(epeue)-o1jag) [1g ‘1addoy 

S-pI-pe ‘Untuei—) 

LUpE ‘VaTegjoNu inajsee1 ‘[AqoursyI 

CEE “allegjonuU InaideeI “FYOdMOTS 

ZLSE ‘eAregjINu Inaidea1 “UC ‘uoiYyd]oY ‘GdN 

ZLSE ‘e1Tegjonu sjesUad “anH ‘AT[NUEH 

SE ‘6-LZ ‘b-T Tbe ‘UauIexa ‘anbrwiouode ‘alreajonu arsieuq 

p-€1:S€ ‘sew ‘epeuey np onbiwoie aisieug 

b-Z1:S€ ‘8861-L861 

aiejuawmaiddns yaspnq ‘sadinossay 1a seul, ‘aIsiauq 

67 ‘LZbE ‘attegjONU IMaiIee1 ‘QGNVO 
(exo1Quisg—sulssidIN—Mo1Uusy—7) ua] ‘surydoy 
QUATION a]QIey W—uOTIses ‘saiiegjonu sjayoeq 410, ‘xnezIdoH 


PE-61 “9-7:8 ‘“apniea ‘sadinossal ja SaAtasal ‘ajTO11ag 
Qiafoid ‘spy apjog) uyor ‘8urpjoy 


I-0€:Z4 “epnia ‘sadinossar 1a SaAtasa1 ‘301139 
(aid19U9,] ep [euOTeU BDO) uUeTY ‘seTTH 
PUATIIV 9[QIej 
V—uonsad ‘saireajonu sjaysaq 47104 ‘apnja ‘siauz1eg SUTTYITH 
sjalo1g—siusmauUOIsIAOIdde ‘ajoiag 1ssnD 0A 
1Z-61:S7 *x1oyd “uRN0] 
suzaishs anb ioOIN]d sajjauUOeIUARIS SaINIONS ap aureisks 
Z1:€] ‘Suoissnoiaday 
LZ ‘77 ‘“6-8TSZ “912 ‘adejuasinod ‘uonedionsed ‘epeued-onag 
O€-67-T “TIO T!QOW 
32 TeIsulAold ‘[e1apaj S}UsWIIUIIANOS $a] aI]Ua SUOTIPIDOZaN 
61:S$Z ‘Tarsueaysg 
yafosd “Ny ‘erusaqry 
Oz: ‘JeuoNeu anbnesiaus awuwesis01g 
O¢:¢ ‘sedeustrourai 1a xNeqQIIA-Sed01g 
O€-€ “W 
87 “€-07 ‘ZI:€ ‘SedINOSsaI Ja SaAtasai ‘a]O113g 
ITE ‘epeury-o1ag 
8Z:¢ ‘aIUaIU ‘x1id 1a SaydreWw ‘JaInjeu zeH 
8ZE ‘Jaimieu zey 
€-7Z¢ ‘aweis01d ‘saatyIpais9e SUOTIDYV 
(aaiid [1asuod np iuaprseid 1a azistutw Jatwiaid-ao1a 
Np a1rejUswaj1ed aiteigidas ‘sanQ-Ares]eQ—Dq) wif ‘saymey 


L-97Z ‘p-7Z ‘ST ‘Z1:0€ ‘UsUIexa ‘anbrw0u0de ‘aitesj]InNU sts18Uq 
Lp ‘S-pe ‘ZE-97 “bZ ‘LT“h ‘1861-9861 erteiuauaiddns yaspng 
LZ ‘LI-P7 “8861-L861 Tedrourid 1a3png 
sadinossay 3a SaUTP] ‘aIs1aUq 
(eeu ‘epeued np anbiuoje arsiaug) *¢ ‘7ayaIeH 


SAOUNOSSAY LA SANIW “AIOWANG 07 


BE ‘9-€€ “IE-€7 
‘6-L1 ‘SI ‘OI-9:pE ‘Uewexe ‘anbimouode ‘aitegjonu a1s10ug 
(QUUSTPeUeD aITeg[INU UOTILIDOSSY) [aYIIP ‘UOSIIIEH 


peig “yeload ‘spy anjog 
p-€E:8 ‘apNis ‘sadinossai 1a SaAtasaI ‘a[O11ag 
Cc-OL'T 
‘uawexa ‘Ja1dep ied suoneurwmou ‘ais18ua9,| ap JeEUOTILU BdEFO 
6:1 ‘Ja19ap red suoneurumi0N 
6:97 ‘epnie ‘Uae ‘SaigtuIW 1a SargT]OMed Salmsnpuy] 
€£:8 “StU()-S}81q 
7r-6E-LP *L-9E:Tb 
‘SLOP ‘S-pr ‘8-LE76E ‘UsUIeXa ‘anbrwm0U0de ‘aiIeg;InNU arsiaug 
Z1-8:b1 -O1-6:] ‘Ueurexea ‘ja1DEp 
ied suoneutwou ‘agiiwry ‘epeued np osnbruoje aisisuq 
pli] ‘uaurexe YaIsap ~ 
ied suoneuruiou ‘a1gisturw ‘sadinossay ja saul ‘aisi0ug 
S-€7-EP “6861-8861 
6-87bZ *97:7TZ *9-ST1Z *ZI-L:bI “8861-L861 
yedioutid ya8pnq ‘sadinossay 2 SaUT ‘aIs10uq 
OL:] ‘uaurexe Va199p red © 
uoTeuTWOU ‘anbrwioie a1d19U9,| ap 3[91]U0d ap UOISSIUIWIOD 
(ayd1ayoe1 ap aydei1e) BdUIIMET ‘SIIB 


MaTAadY Alajes ean O1wIUGO 470, *340dde. ‘ae 


Sb-9:Lp ‘UawIexa ‘anbiwmouo0dss ‘ailegjonu aisiaugq 
9-SL:Lp ‘Sjauuorssajoid sjuapasaiuy 
(MatAay Alayes IespINN O11e1UCQ) YeuUsy ‘aieH 


ZZ:9 ‘apnia ‘sadinossai 13 SaAtasal ‘3]O119g 
(uoneiodi0y sey Aiid-1a}uy) aude ‘BuIpsepy 


asesodamugq—uorjsad ‘saireajonu siayseq 470, “/\-"y ‘paojuey 
BE ‘ZE “BZ “ET*b “L861-9861 
aireiuawaiddns yaspnq ‘sadinossay 12 SeUI| ‘aIs1aUq 
(saitwry ‘epeued np anbiwoie atg1auq) “LM ‘xoouey 


7p ‘Uawexe ‘anbrwouose ‘aiteg]INu sId190Uuq 
(sainaiiaixa sailejjy Sep aigisiulw) plisuy ‘[[TeH 


8-LEET ‘aatessadeu adurisisse “Sia ‘Sal~NdWJIp ‘uoNeNiS 
SIUTJA] JO JOOYIS AanqgdaTiIey 


07-97 “UOHesITIN 
‘SaAT}Ipaio08 SUOTIOR,p eWIWeIZOId “jUaWIadUeUY ‘UONeNO;dxg 
10,p sou “q-"N ‘ysnos10gsh{ny 


6Z:9p ‘191IIUI ‘S919I9OS ‘S}JUSUTASSI}SaAUT “WINTURIP) 
62 ‘LT:9p ‘ANayeA ‘sjuawasid ‘uINTURI_) 
Ql :Op ‘UOTIENIIS ‘alrsnpul “asseiog 
OL:Zp ‘e8eiuasinod ‘sauustpeued sactasei ‘uOgIeYyD 
ULMIYIILYSeS 
OL:9p ‘adUapIoUI ‘pi0oddy ‘UTed1IgUIe-OpeULd adueYyda-a1qI] 
9[:9p ‘Buiduinpnue ajureyd ‘stup)-sie1q 
aiijsnpul ‘asseiog 
1-076 ‘}11ndas ‘sijuauauUOTsIAOIdde ‘ajo1194g 
OL:Zp ‘ueurexe ‘anbruouode ‘aitegjoInu sis18uq 
0€-62:9p ‘Se01nos ‘ai80ug 
O€-67 “L-S1:9b “LI-€P 
‘6861-8861 Tedioutad yaspnq ‘sadimossay 128 saul ‘ats19uq 
1-02-6F 
‘apnia ‘yoddes yueinsuos gi1WI0D ‘anbnasieug aduentuo; 
211n§S—uea] ‘uosyeysn+y 


9-S1:9p ‘O11e1UC,] S19A 1SaNO,] ep 1aodsue1y 
91:9p ‘uorntfod ‘ayrusry] 
uoqieyy 
(anjsturiw ratuaid 
Np a1IeUswa[Ied a11ejaIIEs ‘e1ogiuIsSSy—Jq) Ua] ‘uOSsye}sN4yy 


jafoid ‘yes1newy 10,4 ‘epeurg yiny 


Vq-9TP1Qpaj 

g[eiguIW anbitjog—xnejau 139 xnvisUIp ‘a1eistUTUW 

‘sadInossay 13 SaUTJA ‘aId19Uq 410A *(UaSTaIN) 
sauues301d sap uaUexa,| ap aB1eYd [1eAea} ap adnoay 


S-b7-bb ‘SouIW 
9-SZ:pp ‘Sa]qejaanoual sarsiauq 
9-PC-Pb 
‘6861-8861 Tedtsutid 1a3pnq ‘sadinossay 1a saul ‘ats1eug 
(eurtajapeW-e]-ap-sayi—ainjusaruog—)q) "T [Arseg ‘Keay 


pl ‘Z1:O1 ‘epnia “sadinossai ‘uoqieyD 
(24O1sTaAdYy—1Sq -ABUTIOOY—q) URIS ‘WIBYyeIy 


6-SI-LT ‘eoueieN-snog 
SIDIAIIS ‘JUIWIIUIBANO 


‘OTN OL ‘AFUYMOTTAA 18ND 110A 
CE€Z ‘Juawasdueyd ‘anburjod ‘uonngiistp 3a aus A, 
9-SE:€7 ‘UOTISEsNs ‘UONeSNeATIg 

suorjeor[qnd ‘yuauau1dAn0sy 


JIJISIUTW ‘SAdINOSSaY 19 SAUTY ‘BIB1IBUT 188ND 410A 
8-LE ‘Z-07 ‘6:6 ‘@PNI2 ‘sadInossar 1a SaArasaz ‘ajorag 
(sadinossay sap 
12 SOUT Sap ‘aId19Ug,] ep a1gistulw) prude] ‘poory 
L-v@ ‘07-61 ‘LI “ET-€p 
‘6861-8861 Tedroutid ya3pnq ‘sadinossay 19 saUT ‘aIs10Uq 
(a1d19U9,| Ip [eUOTILU BdqJO) uIgoY ‘SseIy 


1Z-61-€7 “@PNI9 “alsIsnpul ‘saul 
Ip-S¢ 
‘T€-S7:LZ ‘apniea ‘uae ‘sargtuTUI ja SareTjOIed satsnpuy] 
(epeuer) 
JO uonNeId0Sssy S1adojaAaq pu s101dadso1g) 11aqOyY ‘uUIy 
a1d19U9,] ap JeUOTeU BdTJO 4104 “AOG MoIpUY ‘INOUTIy 


9¢:9 “a11W0OD np xnearly 

p-Zp:9 ‘souryjedig epeuejsuesy 

6-81:LZ ‘9un7g asarT ‘ayeosyy auO0JIyY 

07-610 ‘Seateajonu sinaioeay 

OL:S] ‘epeurey jo uoyeiso0ssy siadojaaaq pure s10jsedsoig 

‘ammueisoid ‘uotsuedxea ‘uolnginsip ap Piss Sey aoa 

17:81 ‘Unsosliag 

L-9€ ‘p-7Z:97 ‘alIsNpul ‘zed 1a ejoNeg 

€7:LZ ‘@LISNPUI “ajO1I9q 

€T:LZ ‘SJUsWsUUOTSIAOIdde ‘ajoneg 

be ‘ZTE ‘17-6181 
“LOL °9-SS ‘S-1b:9 *Z1:¢ ‘apnia ‘sadinossa1 1a SaArasay 

IZL7 *Z1:§ “9]0119d 

8Z:Z ‘uawaddoyanap ap a0 ua skeg 

8-91:7 ‘10 

Tp8€ ‘O1reUO 

6€:p ‘efoid ‘uonesis0yeA ap auisn ‘duy ASIaUq apeInNMeEN 
JING —a9]IINy ‘SIvAIa5) 


61 SAOANOSSAA LA SANIW “AIOWANA 


8-ST-9T ‘epmg 

b-€7 ‘61 “L-9T:ST ‘attisnput ‘saul 
ZE “LIST ‘Sau 
Q-OT:9] ‘alrisnput ‘uonsdedsoid ‘xnejaw 19 xneIgUIY] 

QZ ‘8-9:Z ‘(UaSTaIN) SauUIeIsOId sap UsUIexa,| 

ap ed1eyd [eae ap adnoiy np suonepuewwodseal 
12 a[e1apeaj efergutw anbij1jod ‘xnejaw 1a xneIgUI| 

7-1 ‘O-E “EZ “TZ-81:L7 *L-SE 
“*b-7Z ‘11:97 ‘apne ‘ItuaAe ‘salgTuIW ja saretjored salIisn pu] 
OL:6T ‘sonpozey 
ppg ‘ajuejug ‘xiid ja sayoiew ‘jainieu zeyH 
6S:9 ‘JaInieu zeH 
ZE ‘1Z-6L:8I ‘Se1qejeAnoual saisiauq 
Z-L PSE ‘0Z-61:0€ ‘UsUIexa ‘anbiwoUods ‘aiIea;anNU aigiauq 
le: ‘vay “epeued np enbiwioje a1si0uq 
SZ:LI ‘e1QISTUILU *SadINOSsay 39 SAUTIA ‘g1810Uq 
6€ ‘Z-1E"h ‘L861-9861 e1teiUauTa|ddns ya8png ~ 

QZ ‘Z-17:07 *9-P1:61 *SZ ‘T1-8 
‘O:LI ‘€€ “p-€Z ‘17-61 ‘L-9T:ST ‘8861-L861 [edroutsd yaspng 
sadinossay 12 Saul ‘ets10uq 
LUL ‘asr8u_ 
L:6Z ‘S:] ‘Jueptseid-ad1A ap 31111 & uonseq 
O1-S:LI ‘Seluaiug ‘jeuoTsa1 19 anbrwm0Uu0sg jusuraddoyaaaq 
Z-1Z07 *Z-1 Esp ‘UONSES ‘seiteajonu sjeydaq 
92:07 ‘enbrwoje s1d19U9,| ap 3]O1}U0S ap UOISSTUIWIO?) 
L-ST:01 ‘apnie ‘sadinossar ‘uogieyD 
Ip:ge ‘enbi1j9a7a eTesj}Uad ‘UG ‘neajdeyD 
OZ:LZ ‘auurerZ01d ‘saatjIpsis9e SUOTIDV 
(juapisaid-ao1a ‘neajdeyoj—sutwmiuil]—)q) ajainy ‘steasasy 


sad10ay ap sueg 1077]d 10, *dUeq ‘sa8.1094) 


uoT}da1IG ‘aTydes30OjIED 19 S9AIT] 
—2lg}SIUIWI ‘sadInossay 13 SaUT| ‘aId1auUgq 470A ‘anbiyeW0ay 


sulOWay 410A ‘adeusiows) ‘jUR}UasaIday 
epeueg jo facing [edIs0]0e4) 


ZL:S¢ ‘aupiqeindurt ‘sjnoo ‘uawasse[sap ‘Ina}deeI *T-AT]TUaH 
I-O1:s¢ ‘a8esodamue ‘saitegjonu siaysaq 
aslegpmnu aje1jzuad “and ‘AT[WUIy 


€-ZL:1Z ‘ANO,| 7ed uoneiuauiaysar ‘si101p ‘sa1a190¢ 
OL:6] ‘GURISISSE ‘JUaWIaUIBANOS ‘uOTIesUO][OIg 
sonpozesy 


OZ:IZ ‘suorstsead ‘juawWapua ‘saiTeUuIpIO SUOTIDY 
“QU SOWIZLIVJ WZ IIqanO suviy mnpozey 


JOD] 420A “QuIquiod afdXd ‘aa13azUI UOT}EIIIZeH 


SIP ‘UoNoNpuosay 
awiUe.1301d ‘sayNIIYyad ‘[a1InjeuU Ze+y) 


sje1]U0Dj—Souryodig 
epeueysuel] ‘uonesiueIpeurj—zes ja a]OIIag 1SSND 410A 
pbr:9 ‘[NoTed ‘uolIpedxa,p si1o1p ‘ya0dsues] 
01-6: ‘UONeSBIeL 
LZ ‘€-11 “6-BE “SASTBATP SUOTIDLIY 
SIOJJA PUUONUIWUSNS 2471] a] SNOS 1SSND 410A 
LZ:9 ‘guiqesuodsar “yno0D 
sinajonpoig 
€] ‘ce ‘Teyuawepuoj sdisutig 
7Z:L “SUOISIAZIg 
Or:9 ‘9:€ ‘J9aI9O 
ajing—ajzuajuy ‘xiid 3a SaydIeUl ‘Jainjeu Ze 


L-971Z :97:9 ‘aderIed ‘sra1dueUY sTey ‘saoueAe ‘SVOdOL 
LI: “819aITp 
UOTILIIOSIU ‘STIIIISNPUI SINa}eUIWIOSUODS 3a SINa}INpolg 
ce:9 
‘uorisod ‘QNO ‘uonejueUsne ‘uOleWWIOSUOD Ft] B XI1g 
97:9 
‘uonliedde ‘sinapuea xneaanou ja sinajayoe xneaanon 
Shp °LZ:9 ‘UOTIeIOT[aWIe ‘sedde ‘UOTIe1I0dxa,p SaysdIe| 
9-S:pp ‘1aoddes ‘a1aisturw ‘sadinossay 19 sauT|] ‘aIs1eUq 
62 ‘17:€ ‘woreels ‘siojduq 
9-S7-bT “LET “PS:9 “6-L ‘SE ‘SiaWHA 
Lig ‘We1xea ‘1eBuejeg uear ap 31139] 
‘sanbiwi1y9 siinpoid ap s}ued11qej sap auUaIpeued UOTIeIDOSSY 
pS ‘L-97:9 ‘1-01 ‘Lg ‘uoneotddy 
aquazuy ‘xiid 4a saydieUl ‘Jainjeu zey 
ajuaiuq ‘x1id 1a sayorew 
‘jainjeu ZeH 71077]Jd 110A *UOT}E,UIWII[Ze19p ‘Jainjeu zZey 


sadinosay epeuey) ooexay ‘anbrxayy 
y1OjNeIg ap I3jV ‘stu -S181q "¥q— 99111 997q 1SSND 410A 
87 ‘8°€ ‘saiUaA 
7-0S:9 “UO BI IIe L 
6-L¢:9 ‘uontsodoid ‘yuauaagzeid ‘syesIsTUIUIpe ste 
‘UOTIRIOGR]S ‘SaUIsTURIAW ‘xnaseURAR $1N0d 12 Aten 
qaodsuesy, 
8:97 “€-7S:9 ‘SaArasay 
p-ZE9 ‘auaisAs ‘sajjau SaerUaY 
6-8Z:8 ‘94dIeW Np uoTjdUO} Ua NO NURIeS xg 
juauasst}qeigq 
9-S7 ‘IZ:L ‘2194 ‘a1818U9,] ap [eUONeU ary 
C-pS:9 “UOISIDEp ‘O1I21UQ,] AP ad19U9,] EP 21O 
SI:¢ “UOTIeWIWIOSUOS e] V 
X11q 
67:9 ‘siajjo ‘ayqeuuosies anbiy1jog 
ZZ-91 ‘6-L:8 ‘OpNje ‘uOIsstusueI] Se sessauuay 
O1-6:97 
‘uorisod ‘epeury jo uolieloossy winejoijeg jUepuadapu] 
apuewap 13 210 
9-S7:97 “«TaNiqeYy sydreW» 
b1:9Z ‘uOTIeNtIs ‘alsnpuy 
87:9 ‘«a1sod-aiqwin» np ip xne} “y0dsuery 
L-O€:€1 ‘9:¢ ‘ede1UadINOg 
87:9 ‘sadoe ‘suTediagUIe SauTladig 
LEE ‘seat deds198g 
€£:97 ‘SaITOjeSI[Qo 
sanbijqnd saduarpne ‘sue xnap juessedap stuliag 
‘LIL ‘L-9€:9 ‘seitjiqesuodsa ‘a1s19ua,| ap Se eee. 
6€:9 ‘aiquioU ‘sinajIpedxa xneaanoN 
L-97:8 ‘UOTIISOd ‘uoIssitusUeI] Se sassouua] 
1-0Z:€p ‘Suotssnoiaday 
Sor ITEP “WOMENS ‘uUOTSsIUISURIT SPD IYIOeg 
L-ST:z ‘seitjiqesuodsai ‘a1g19ua,] ep JeuoNeU ad4jO 
O7:Eh ‘UOTIeNIUS ‘edIIaWIY JO auTjadig sey [einjeN 
8-LZ ‘S*bb 
‘AdUSPIOUI ‘p1ONIY ‘UTedIgUIe-OpeUed BdUeYII-31q1] 1g 
LLZ ‘P-ET1TZ ‘8161 “SS “ZS “OS “9-Sb “b-E€ “179 
‘QSZ UOISIDap ‘UOISSIMIWIOD AIO}e[NZay AB1eUq [e1apej 
a1mg—siu)-sieyg xne suonej10dxq 
311N§—]d1Nnjeu Ze 


SAONNOSSAY LA SANIW ‘GIOWANA 81 


‘ 


LI 


62:9 ‘januaiod ‘sq-pION a] SuUep aduRSsIOID 
L7:9 ‘OT:¢ ‘SuOstel ‘assteg 
6-8b ‘6-8Z:9 ‘uUOTIISOd ‘UOTIeIDOSSY SED UPdLIEUIY 
sIuy)-sit1q xne suotiei0dxg 
Lz¢ ‘suonednssoaid ‘sa19190¢ 
I1-8:1Z ‘07:4 ‘9861 ep 1z0ddey 
G-pzi¢ ‘yaoddes ‘apnia,p ednoid ‘sautjadig 
Z-0€:97 ‘uoritsod 
‘epeuey jo uoneoossy Siaonpoig pure s1a10]dxq [Jews 
S-b7-97 
uorsod ‘epeued jo uoneIdossy wnajoneg 1uepuadapuy] 
L-9:LZ ‘uontsod ‘epeueg np aiegtjomed uonetsossy 
Sai np uorssaiddns ‘/g6] eiquiaidas 6 Np UOISISaq 
L-SZ ‘S-pl ‘6:€ ‘senbrjqnd sasuarpny 
O€-67:€ ‘UONRUTUIIAI9P “NO ‘s1uepgoxq 
9Z:0¢ ‘eoueseid ‘uINn1I3a}nNIq 
Z1:9Z ‘DVdI.] ep enbiwouo0ss ajapow ‘saj1aAnodeq 
W—XlIg PUUOUIUSNS 2471] 3] SNOS 1SSND 110A 
. 9:¢ ‘ade, Ua0IN0g 
uoljeWIWIOSUOD 
QZ ‘PT ‘8:97 ‘S}uawauUOTSIAOIddy 
[ainjzeu ze 


0:6] ‘21TWI0D 2] red sspuewap sjuauIaUsIasuaY 
CT:6I ‘aateotjdxa 330K 

SauIWIeISOIg 

Cl:6] ‘}UewWesueUly 


(OWald) 
Spuoy ‘U0I}EzIDUT,p SyUaWatEd ‘uOIsUEdxa ‘saydIEU ‘zEs) 


LUPE ‘WWeweter ‘uNiuUeIE) 
sp10s3e ‘LLVS 


Zp-S:E] ‘apNia ‘sadinossal 1a SaAtasal ‘ajONad 
WKECEll 
‘Ol-p:LZ ‘apnia ‘IUaAe ‘saIgIUIW 329 SaraT[OIjEd SalsNpuU] 
(epeuey np aiatjoned 
uonels0ssy ‘sadInosay epeued Odexa]) “YW WeITTIM ‘Aquazey 


S-b7 “L-ST‘€b ‘6861-8861 
9-€7 ‘61 ‘9-ST-1Z “8861-L861 
jedioutid ja8pnq ‘sadinossay 12 saul ‘atd1auq 
(a131aua,] ap TeUOTIvU AdTJO) auAEM ‘wiuey 


0€-67:6¢ ‘UOTei10}dxq 
anbi1399]9-01pAy ape.ajuad ‘e33a[e5 


€S ‘Ob:9 ‘paltry sunaye Sey UaIsaM 

OZ:IT ‘ejanzaua, 

ZEpE “Wintuely) 

Sz-pe ‘aimbin yp 

TE:L] ‘81101 ap sjusWMe]qQuIaI | 

OZ:1Z “uy Sautjedig UByIION-sueI] 

O1-6:€F *b-€7:L *€S ‘Op-6E:9 ‘saurqadig epeuejsuesL 

6-LUZp ‘UOTeIOd10D san{NA eiW-suesyL 

PEE] ‘Sadinosay epeuer oOdsexa] 

b-ET:L1 “eloid ‘gpgooid ‘yn19e | 

L-9:0b ‘7-1 T:L7 *L-9€:Z1 ‘9291908 ‘apnssuts 

IE:Q] ‘SInajonpuossadnsg 

p7Tp ‘BPens 

Iver (6-8Z:0€ ‘SeiTesjINu sulIeWI-snosg 

S-p1:0% ‘aategjonu inaisea1 “FYOdMOTS 
ajing—yneg ‘uouses) 


Te 

‘6-81 ‘TT61 ‘ewuesisoid ‘juawadeinosue TOUS 
Ip-€b ‘71 :7¢ ‘artegjonu aitjiqesuodsay 
€-Z1'L7 “61:97 ‘UDI aaqrT ‘ayedsy awU110}9y 
9-P7:LP “61:SE SZ “ST*O€ +8-LZ “07-61°67 ‘SertegTINU sInaioeay 
01-6:9€ -6Z:L1 “lord ‘LySuvavy 
SI ‘€:9€ ‘pig “Jueg]ddns juapiseig 
6€ ‘IZ ‘81 ‘91:0b “G-"N ‘neaiday aiutog 
8-Li€p ‘S919190s ‘sautyadig 
6-8E-EP “ET:ZE ‘arteajonu ayesjUues “1uO ‘sulsayd1g 
€€ ‘8-LZ “6-81°97 ‘a1sISNpur ‘zed 19 eforag 

OL-8:6T ‘LE:81 *L-97:p] ‘uUetpeues auureis01d 


‘jUIWIISLINOIUD ‘INITVA Ua as 39 UOMIeIO[Axa ‘zed 1a ajOIEg 


LU€T ‘Ze3 12 ajonEg 
87:61 “Alzisnpul ‘ajoned 
Ob-67'8T *S-PE “8-SZ “L-PI-€1 
“L-9€ ‘O€-8Z ‘77-617 “EE “L-9Z ‘1-071 *€-O€ “9-€Z 
“PEL ‘p-1S “Ip-L€:9 °9-7Z “9: ‘apnia ‘sadinossal 1a SaAiasay 
€-ZET *Z1-LZ 
“61°97 “SE-BT 1-07-11 “TE “S-pZ-L “LE “EE “b-7Z “9:g ‘PTOTI9g 
1Z-61°SZ ‘2pni2 ‘gol Januue i10ddey 
LU-p] “epeue)-o1ag 
6Z:Z1 ‘e]O110d ap sinaiei10dxa sKked sap uoresiuesi9 
9-SZ:§ “10 
S-€Z:Lp ‘(AIH UOISSTUIWIOD) MaIAady Alayeg IeajINN O11eUO 
CELp OLeIUC, 
8-LU€p ‘1OT ‘atd19ua,] ap euoneU a13O 
6€h “61 “O-PI ‘Z1:1Z ‘ats19ua,] ap TeuoNeU ad1O 
Z-11:S€ ‘a1teajonuU Inajdea1 “JUG ‘uoiyd|oY ‘GdN 
ZE:L ‘UatIQ-usho| 
O7:LT ‘*Xneigu Ja xneIaUT| 
0z:11 ‘anbixay 
0€-6Z:LT ‘Awwess0id ‘aqoidoyiry 
pz:o¢g ‘Auedwio) d1119a7q ea10y 
6-8:Ep ‘paituiry] surq adig yetoutaoidi9juy] 
STLIMO LEC SLe 
‘07-8197 ‘epnia ‘TuaAe ‘sataTUTW 129 SaigTjOMed saliisnpuy 
€-7Z:0 ‘07-61 °6€ *S-PI-L7 ‘Nuaaal a] Ins 19d wy 
€-1Z:L1 “LHINNV) @P 29p9s0id ‘asenbesrs01pAy 
8-L1:6h *939190s “pry 110 A¥sny 
1Z-61:Sz ‘loid *erusaqiy 
9-SI:Lp ‘Yjeuuey ‘arey 
OZ:IZ DU] SAWITAeW 2% SaganH sue1y mnpozey 
Op:9 ‘ajuaiug ‘xtid 1a saydiew ‘jainieu zeny 
9Z-O€ *€€:97 “E117 -9-STL 7-16 “6-LE-9 ‘Jernieu ZeH 
LUE “Sp1099e “LLWD 
0¢:6¢ ‘enbis9a]9-o1pAy oTeUad ‘eWaTeH 
1-01:9€ “O-'N (L ‘uekmadryD 1104 
6Z:LI ‘Teuoneusaiul suwess0id ‘asepuos ‘surew spuoj 
77-Sh *S-PT-ZE *T-1LEAL “1S:9 ‘stup-sieig 
€-77:€€ ‘eqoig Adi3dUq 
O€ ‘1€-6Z:81 ‘SeTQeTaANOUa Satd19uq 
b-1Z:6€ ‘a]eTTe1ed uoNe1EUas no aaarid arS1aUq 
OZ ‘bZ:PE *9-S1:07 ‘alusnpul ‘aireay;onu a1giaug 
S-TE ‘8-77 ‘OZ-ST:Lb *ZE “6-LZ “S7-81 “ST “O1-6 ‘“L:Z% 
“pe “ZE “p-Z1 ‘BTh -OP-6E “b-ZE “97 “€-1Z ‘OT “O1-9:06 
‘O€ “P7-61°6€ -6-LE ‘7E “OT-BE “1-O€ ‘7Z-8I‘LE 
“L-ETPE *S-77-EE “EZ ‘b-71‘ZE -O€ “€-171€ 
‘6-87 ‘9-€Z “9-Z1:0€ “1E€-LZ “6-91:67 ‘Uewexa ‘anbimou0sg 
67 “L-91:62 ‘asTegjONU aId18Ug 
ajmg—yneg ‘uousey 


SAONNOSSAU LA SANIW ‘AISUANA 


OS: TE ‘aeitury ‘epeueg np enbru0ie ars10ug 
PL:9E “CELT ‘eteistulw “sadInossay 13 SaUTA ‘ais10ug 

IZ ‘61 ‘Z-11:S€ ‘8861-2861 ezte1uaueiddns jaspng 

€-1Z ‘8-LI:Sb *1b-8E€ ‘6-LI ‘OI-L:€h 6861-8861 
LZ “€Z “8-91 ‘OT-L:77 ‘07-61 “9-71-17 *9-b1-07 
“87 ‘OZ-8T ‘11-861 *S€-87 “b-07:LT *L-97-FI1 “8861-L86I 

jedioutid ya38png 
Sadinossay 1a saul ‘ats19uy 
O1:9€ -€-O€ “€Z ‘HI: -77-S ‘ais10ug 
1-O€ “Z-O7-LE “S9I9IDOS ‘Sad1AraS *9IIINIDATY 
6-81-66 -b-Z1-Th -97-0b -O7-LE *€-17:1E “9d1914119a19 
9-C7:0€ “8pinoy neg 

S-€€ 
‘LULP ‘IZ ‘6-LUSb ‘Ob:€h °6-8:9E “UOTISEd ‘sarTeg;onuU siayseq 
Z-176€ -€1°ZE -O€-67:67 ‘PATegpINu aye1jUued “1UO ‘u0j3UTTIeq 

L-OL0Uiecc 
‘geuoNeUsajUl adueR\sIsse,| nod epeue)-o11ag uONeI0d105D 

€1-7E 
“pI-2 IO] ep yaloid “QITBI]INU UOTIVIISIUIWIPL 39 3]Q1]UOD) 

8-91-6P 
‘apnia ‘“y1oddei ‘Jneipnsuod a11wW0D ‘anbij9d18u9g aduan]jUuOD 
OZ-61:Z1 ‘22017 a[et1edwy a1etjomed arusedwi0y 
p1:9¢ ‘epeueD np aenbisojoas uorsstwui07D 

€€ ‘97 ‘O1-6:0F 
‘yOIMSUNIg-NeaanoN Np snbi17de]29 ald1aua,p UOISSTUIWIO) 

0¢-LI-Lb 
‘ZEZE SpL:07 ‘enbruo0ie a1s19ua,] ap 9]0.13U0d ap UOISSIUIWIOD 

L:6Z ‘L-S:] ‘UOTIesTUesIO,p S2dULaS 
Libe “g31W0D 
Zep ‘enbruueitig-aiquiojoD 
LU6P ‘11:47 “eload “ary ‘axey] plod 
7TH “UOGIeYD 
1-0€:67 ‘Senbrurszayi sayemjuad 
Z-LE ‘ETL 1-O76E “b-ETPE “€7T:ZE ‘61-67 ‘SertegTINU sayesua) 
CL:%p ‘uUoqgieys ne sayemuay 

8-LZ:Lb *6-LE 
‘ZEBE ‘STHE “EZ “S-H1:O€ *6-87-67 ‘AATeg]INU InaideII “QGONVD 
€l:ZE ‘villeajonu ygesUad “juC ‘snig 
61:61 :9L:E1 ‘Sa810eH ap sueg 
LU@ “LEAT ‘aitpnoes aiqeiy 
C107 ‘UOTeIpers ‘s}usWITY 
€7-81 ‘O1-6 ‘L:% -b1:07 “eeqTV 
QZ:LT ‘auusedoina ajeueds aduasy 
9-ST‘€T ‘aumuie1301d “S@AT{IPai9Ne SUOTIDY 

(aueatddns juaprseid ‘praoN-Are3[eQ—Dd) [neg ‘uousey 


ZE:g¢ ‘UsUIeXxe ‘anbrw0U0d9 ‘a1les]INU aId19Uq 
(o11e@1UQ-O1pAH) preysry ‘ssauang 
6-LC-7T 
‘2Q61-L861 [edioutid ya8pnq ‘sadinossay 12 saul ‘aIsisug 
(ayeuoT{eUusI}UI ‘ 
adurisisse,] inod epeuerdy-oneg uones0d10D) 143IMq ‘psgsng 


SC-EP 
‘6861-8861 Tedisurid yaspnq ‘sadinossay 1a seul ‘ats18Ug 
(a1s1aua,| ap TeuoNeU adyJO) AnD-uvar ‘az3apary 


L-9Z:L ‘epnia ‘Sadinossal ja SaAtasaI “aTOI Ig 
ST-€P 
‘6861-8861 [edroutid ya8pnq ‘sadinossay 1a saul ‘atd1eUg 
(a1s10ug,] ap TeuOTIeU 3dJO) eipues ‘saesesy 


apeng—uoneqoidde ‘sjaspnq ‘sadeko, 
—alIWoD ‘uostered w0j—s1N0j—allesjonuU In9}deeI 
‘NANVOD ‘21812892,] ap ayeuoTeusaiUT sdUasY ISSND 110A 
LiSp ‘aoesyye ‘sauwessoid ‘sanbijqnd suonejay 
67:67 “sINOD 
aitegjInNu sis18uq 
aouesg 


Q:1 ‘sadeusiowia} 19 xNeGIIA-SId01g 
L-97-€Z “APNI ‘alSNpul ‘saul 
L7-EZ ‘SOUIW 
8-S:] ‘UONRSTULSIO, p adUR_S ‘a}IWIOD 
LU€Z ‘2131909, | 
ap 19 XNLIIUTU Sap aIdO]OUYIAI B] ap UsIpeUed 311Ua7) 
LUEZ ‘BWweIs0Id ‘saanIpsi99e suOOY 
(ewozs;y—7) asdtaney ‘103804 
1-O1:9¢ ‘Suotsida1d ‘015 epueg e] 
12 [e1apgj JUSWIIUIBANOS 2] 81}Ua pOdIe ‘xneAeI ‘adejuadiy 


‘O-N “L ‘uekmadrya 3104 
CEG “‘UOTIENIIS ‘SeArasa1 ‘3[O119g 
SIUUIIPEULD S$3d10 4 


O€-62Z:LT ‘uondi19saq 
[BuoljeUusa}UI aWWeId01d ‘asepuos ‘sulIeU Spuog 
spuo, ‘u0TIe}19UI,p s}uswaTed 
‘uoisuedxa ‘sgysiew ‘zey 107Jd 1104 “(QWAld) ze3 
Np saydi1eul sap uoisuedxa,| & U0IZezIDUT,p SjuawaIed ap spuog 


v1 
‘T-I1 ‘6-8:LZ ‘epnia ‘uae ‘sargiurIW ja Saretjoned satmsnpuy] 


(epeuey np aigijonad uoneisossy) Arie] ‘1aysig 
alsnpul ‘sauly 470A +310dde.1 ‘a3, BSI q 
€T-9b 
‘6861-8861 [edtoutid ia3pnq ‘sadinossay 19 SauT| ‘a1818Uq 
(sadinossay sap 

32 SAUI Sap ‘aId19Ug,] ep e1eistUIW) “D’q ‘haypury 

L-9€:€Z% ‘apniea ‘alisnpul ‘saul 
(epeued jo Aadaing [es1s0]0ay) st1yD ‘Aatpury 


uoneddwt ‘yuawWeUIaANOL) 
—alsnpul ‘airegjInu sidiauq 470A *a.19}StUTU ‘SadueUTy 


uoIsstumWwoy A1oie[Nsay AZ1sUq [e19apey 4104 ‘OW AA 


sauoydosuesy 
—21gISIUIW ‘SadINOSsay 12 SaUI| ‘IIS1aUq 10, ‘samWag 


sluy-sie1q xne suoneii0odxyq—yainieu 
ZED) 410A “(DUAA) VOIsstmWOD K10;e[NBay AZaauq [e19paq 
anbruoje 
81319UI,| PP 3]01]UOD ap UOISSTWIWIOD 470A “N 11aQoOy ‘uaeppoarey 
7-11 “6:9p ‘AIANIO Ua asIp 
(OASd) awWwesIZ01d ‘UO NWS ‘epeuRD ne u01VeI10[dxq 


g:9¢ ‘uoTIISOd ‘aalid Inajda¢ 
6-81 
‘69h ‘ZI “8-9:9€ *L:¢] “912 ‘saidayje Spuo] ‘adueayse ‘suOISIDa1g 
(WA) $3}ueaquy ‘ayes9uIW UOTVe}10;dxq 
sauweis01g—eatijsnpul 
‘SOUlW 470A *d1Q}SIUIW ‘a,BUOIZI1 a[[aIAysnpul uoIsuedxy| 


SA.UNOSsaAa LA SANIW “AIOWANA oT 


07-61 :9F 
‘6861-8861 Tedroutid ya8pnq ‘sadinossay 12 sauT|] ‘aId19uUq 
(sadinossay sep — 
12 SOUT Sap ‘als1aug,| ap aIVISTUIW) SITUA IIeP ‘[[a10Aq 


6p ‘o1Tqnd usawexe ‘sarei1ID 
[e1apa} Snssad0.1g ‘d[eJUIWIUUOIIAUS UOTEN[RAY 


sjubINgIe}—saTge[aanouai saisiaug 410A ‘jouryry 


$}e1]UOD—BUTLayx Ie 
Se Ulaisam falIjsnpul ‘asseiog ‘uosteredwoy 
—SdA1aSIY—ZeB 19 BJOIIg ‘Sat[etus10d sadino0g 
—sjuawauuotstaoidde ‘ajoleag ‘aid19u9,| ap Jeuoneu 
dO Nue1Q-ushoyp ‘210A—alIeg[anu afeijUued 
‘gayudX upp ‘esueyse-aiqry] ‘suoneis0dxy—yjainjeu 
ZEQ) '6007-S86] ‘apunwmap ja auffo ‘DppuDD nD a1s1aua, J 
gyninutr yoddel ‘ais1aua,] ap [eUOTIeU BdJO 74a 
g11dedIyZG—els1aug ‘saipiqesuodsay—anbrwoie at819u9,| 
QP B]O1]UOD ap UOISSIMIWIOD ‘aiIIpNOeRS sIGeIY 199ND 110A 
S-pz-€€ ‘onbrityog 
OF:pE ‘Inaua} ‘(UOSIapUYW-Id11g) 107 
airegjonu sij[iqesuodsay 
SINASSIISPAUJ—ZEB 19 B[OIlag 410A “[BISY sWIdIy 
€-ZETT *Z-1E:L “SeArasay 
Z-IZT STL:¢ ‘uoneis0d wy 
72:1] ‘ailanses ‘sjuswauuorsiaoiddy 
9]0119d 
6-LUT] ‘uontsod ‘yua1Q-uekopy 
1-06:9 ‘euraisAs ‘aatljIpOW! axT] B[QeIIeA ‘UOTILIYIIC | 
67:9 ‘WUOTJINIISUOD ‘UIEISAg UOTSsIUSURI] SEH sionbod] 
yzrodsue1y, 
L-91:1] ‘UOTIeNITIS ‘Sacrasay 
p-€€ ‘91-6:8 “91a ‘SUOISN[IUOD ‘UOTSsSIUISUeI |, 
se) sassauuay ap apnie ‘x1id 1a apuewap ‘ajo 
jemmjeu zeyH 
IE ‘L7:Zp ‘sedAy ‘sauraqoid ‘sinazestynQ 
SZ “1-076 “1101210 
aiiegjonu sis19uq 
b-EP:6E ‘bl ‘LIST “012 ‘ai1oedes ‘synod ‘auuatjoa aisieuq 
1Z:67 ‘97:8 ‘SA9INOS 12 SJUBWASSTISaAUI ‘aig10ug 
LE: -7-Ob ‘7-1 £6 
‘“(WddNd) 107 ‘sanbritjod ‘uoneiuauraysa. ‘sotjqnd sadiaiag 
1€ “LO 
‘sadAq ‘sauetqoid ‘aireajonu sisiaua,p Sinaiesipi 
OS:LE ‘NuaAeas a] ans iodwy 
Z-1E:Zp ‘snagid sjuawmasueyo ‘uorjsad ‘sauAndy 
$919190S ‘SIdIAIIG 
L-9€:6€ ‘SUOISIA2Id ‘UOTIINIISUOD ‘saye1jUad ‘UOTIONpOIg 
T-O€:1€ ‘SuOsTeY 
8-L1:61 ‘apnimie ‘epeued ‘uontjeo) 
uoneiwodwy 
6Z:1b ‘O000Z UP,| Inod suotsiaaid ‘satwoUu0sg 
an19141091g 
Z¢ ‘ZZ:Sp ‘uOTIse’ ‘sarteajanu siayseq 
LUZ ‘Sies9i ut ‘O1IeIUG-oOIPAH ‘seurw ‘uoqieyD 
pLiZp ‘Suotje1d0seu ‘uote10d10D saying eiTVv 
-suei] ep uonedionied ‘iafoid ‘paid ins astwi ‘(a9139)u1 
UOTILIYIGZeS IP VUIQWIOD a[9AD) DIN] ‘UOgIeYS ne sayemiuaDy 
s1up)-s3e7q 


“q-N ‘WOBTY OT 1ssND 110A 
i 7g —ule,g 


CELT ‘Teuoneuiaiur 
[reaed} ap adnois un,p uoMeUlso; ‘1Tuaae ‘atsnpuy 


uleyg 


P7:SZ ‘SUOSTVI ‘OlIEJUO,| 12 CEqTY,] e11Ua UOTIVIILA ‘*xIIg 
aouessy 


6-8Z:L1 ‘Uold119s9q 
a71][93eS ap yafoud ‘| SUA 


S-ET-b ‘861-9861 ertejueuratddns iaspng 
67 ‘L-97 ‘b-Z1°6T ‘8861-L861 Tedisurid yaspng 
sadinossay 19 SaUT|y ‘aIs190Ugq 
(sadnossay sap 
Ja SIUTJ Sep ‘a1810Uq,] ap a19}SIUIWI) UOY ‘uUeWIpAg 


1—ereisturw 
‘sadinossay 12 SOUT ‘aIdIBUG 470, *319}SIUTW ‘UaeWIIUUOIAUq 


yaloid ‘apasoid ‘yn10e J, 

‘suotssndiaday—ialoid ‘spy anjog ‘jalzeisturw aq1wI0;D 

‘JUIWIAUUOIIAUD 39 AIdIBUq ‘1q—enbnes1eue anbniijog 
—o1812Ug salTvgjINU 4na}oeal ‘NANVD 410A *JUaWIUUOIIAUY 


aURIUIY 1104 AoUasp U01}99{01g JDJUaMUOAIAUT 


107 ‘aiivgjonu 
dipiqesuodsay ‘a1snpul ‘airesjonu aIs19U_ 1SSND 110A 
O€-62 ‘€-77€€ 
“dja ‘juaMadueUYy ‘sinaidisi9snos ‘JueIIN] UOU 1NqQ F 319190 
SUIOWA |, 470A “AdeUSIOW} “jue}UasaIday 
p-E€E-€E ‘SUOISNTe ‘yOOGpuDH] 1pI48NDIS aqodg K81aUq 
aqgoig A3i9uq 


IIIOWIJA\—YIIMSUNIG-neaanoy 
np anbi1399]9 a1d19Ua,p UOISSIWIWIOD 470A *suondg k84auq 


a1Inugg—1asea] no anbisseys ajorag 
—2]0119g ‘uondopy—iusewadse|dwai ap saiziauq issnv 410A 
C:g] ‘ue red ¢ sprelyI 7 ‘mayea 
LE ‘8-LT ‘OUST “Duy epeueD np a1rejos at81aug,p 919190¢ 
RB] red aristulj ne sapuewap apnie ‘a7quymba quawanviy 
G-PE:8] ‘UOlIe}10dxa ‘alsojouyIe |, 
IZ ‘8-LI “S:8T “510 ‘saiUaA ap aITJIYS ‘aIqWMON 
S-b1‘81 ‘Segpurwap 
sanbrjqnd sajanbua ‘uones[narp ‘xneuigiew sinod 
$919190¢ 
6-881 “2iTTIQeiueY 
IL‘8] ‘atissadeu ‘samuressoid ‘;uawraddojanap 12 ays19yI0y 
LI ‘ST ‘S:8] ‘Suorstagid ‘atgz1au9,] Ins UaWaddoyaaap 
ap 129 aydIaYIaI ap neaing ‘sajuaa ‘sginidejnuew sjinpolg 
O:8T ‘SuOISIAgId ‘a1d19U2,] ap [eUOTIeU BdqJO 
1-0r ‘6 ‘9:81 ‘uoneads ‘siojdug 
6€ ‘ZI ‘9:81 ‘suorsnyye “10dde1 
‘(pueppunig) JUaWaUUOIIAUA,| INS a]eIpuoW UOISssIWIWIOZ 
‘ya0ddei ‘sadinossay sap 12 a1s19Uq,| ap e1eISTUTUI cee 
. januaiog 
C-p7-81 ‘Aduepiour ‘aynyod ‘x1id ‘ajoeg 
8:81 ‘sanbi1199]9-o1pAy syuauaddoyjanap sinag 
11:81 ‘Sinod anb 103n]d syUsuTasstisaA Uy] 
S-PZ:81 “91a ‘sydal[go ‘anbrio0isty 
Ip-6€ ‘97 “€T “T1:81 “gieYyNos soy 
6€ ‘L781 ‘sewMes01g 
aqmg—jUaWsu12aANOy 
911N§ —Sa|qe[aanoual sais19ug 


sT SAONNOSSAU LA SANIW “AIONANG 


8'bp ‘UOTIISOd 
6-81 ‘S:S] ‘UeuIedUeUI 
Q-LE:Q] ‘eouasqe ‘seinsaw ‘jUaWeseINOsUg 
JUBWIIUIBANOL) 
1-O€:81 ‘ewetqord ‘aittiqety 
L-9:Q] ‘adeyyneyo a] Inod uonesinA 
8-LZ:8] ‘uoTIsOd ‘auuaTpeued sileajINU UOT}VIDOSSY 
aIe]OS ais1eUq 
672 ‘b-ZI1 ‘L:gt ‘enbreyjoaoioyd aigi0uq 
8-L:g] ‘912 ‘stessa ‘uonesITNA | 
L-91:81 
‘uononpoid ‘UC ‘s[[e@fJ UIaAagS 3a BIINI]-apueIy ey ap de] 
9-SC-bP 
‘aytyiqissod ‘uorei10jdxa “and “‘QUTaTape-P]-ap-Seq! 
92 ‘Spb ‘ialoid “anO “seyD-deD 
dUUdaT[OE IIs10Uq 
L-OL-EE ‘S:8I ‘epnie ‘ateistulu ‘sadInossay 1a Sau] ‘a1310Uq 
¢:g] ‘ue red saynofeied ¢/¢ ‘uomnqi1}u07 
€1:9¢ ‘SuorIsiAgid ‘sautmeiz01d ‘uoeAIasUuOD 
9-SZ:g] ‘eoueIOduI ‘xneAed) ‘aId190U9,| 
ap UOISIAIG ‘epeueD Np Saydiayse1 ap [euOTeU [IasuoD 
77ST “SETeIIID 
9E-8T “UOISNTTe “9iWI0D 
np woddes ‘joueyia 19 JouRYIewW ‘adueYyde Bp S}uReINGIeD 
Srp ‘1E:p] ‘ersturu np sodoid ‘sinoday 
CEPT ‘gupiqruodstp ‘uoneus0jU] 
asseulorlg 
8:81 ‘aId19U201g 
€Z-61 ‘OI-8:8T “SeTTauUONNINsul Sarge, 
TL6€ ‘SaseiUeAY 
77:81 “STOOSTY 
sajqe[eanoua.s saisi9uq 


YOIMSUNIG-NIANON ‘atwouUode ‘aIs1aUg 19SND 410A 
b-€€:6 “AIV.] & epeueD np uonedronsed @] ans 
gouaproul ‘uoTINpel ‘syaspnq ‘juawaddoyjaaap 120 aydIayIaYy 
1-OL:8T ‘SeTqeTeAnoual 
saiziaua sap Januaiod ajQ1 ‘uonIsues ap apolied ‘uondopy 
quaulade[dwias ap sais19uq 


y—eltegjonu aisisug 410, ‘anbrutsay} sis19uq 
S2]Qe[aANOuUa Sals1IU_ 410A ‘dIIV[OS ais19IUq 


olle1UC ‘sats1auq—YIIMSUNIg-NeIANON ‘aduaptouy 
—juawassniouly—nuaaal 3] Ins 19duy] ‘sadInog 4a 
aia1idoig—soijqnd sadiAlag—aiaida]q ‘eilaq}y 1ss1D 410A 
6£:6€ ‘saguanbasuod ‘sayersu1A0idia}u] 
LE:6€ ‘UoexY ‘x1id ‘so1jqnd sadiasas ap atusedwiod aun y 
Sso1ud A, 
p1:6¢ ‘Suotssnoiadas ‘saisojouyse |, 
6-8E ‘IE ‘b-7ZZ:6E ‘S2aJO,p sjadde ‘uoneurumsajap ‘sire 
€-Zb:6F ‘SINOD ‘xnBasal “JUIWIAapIOIIeY 
OF:6E ‘SINOdSIS Bp BdIAJas ‘aUUeY 
7-17:6€E “GYdIIYIEI QYIILW| 
61 ‘Z1:6E ‘UOlUeAIA}U] 
€1:6E ‘240 ‘altIsnpu] 
jUsWIIUIIANOH 
6-82 ‘ZI ‘O1-6€ “ANeuaL 
11:6¢ ‘Sepuewap saire|duiexgq 
pppuvdy 
aj anod uondo aun ‘agatd a134aua,7 9NIWUI JueWINI0q 
alms —ajayesed uonei9ued no aaatid ars190ug 


1-01:6€ ‘uondrs9saq 

Or-6£:6E ‘BWIaiIsks “JUaWIaseUIWIOpEG 

S-rb ‘6-L7-6€ ‘uated woD. 

8-LE6E ‘SAseIUPAY 

p-ZE ‘O€-8Z:SI ‘ai1]IQIssod ‘juaurauuoOIstaoiddy 
ajay[ered uone19ued no agatid a1810uq 


saqejaAnoual Saisi0ugq 470A ‘anbiez{0A0}0yd o1310Uq 


IWOUOIY ‘UOTISES ‘saiTes[INU S1aydeq 1SsND 0A 
; S-p€E ‘O[RIDIAUIWIOD gIITIQeIA 
bl ‘6:Pe “iTIqQeiuaY 
O0Z:ZE ‘Teap! eueish¢ 
b-€7 “O-€€ ‘suTIqeindwy 
LUZ “AOOAS ep epnig 
ynoy 
uone UaWe[say 
Z-1EEE ‘QITWIOD 2a] 1ed sapuewiap sjuauIaUsIasuaI 
‘uoTIe1ajjV ‘spuoj ‘juswiaddoyjaaap ja ays1ayI0y 
b-€1:07 ‘@uaptsut 
‘JOVA.1 BP sanbiwrysorpes 1a xnedipaw siinpoid 
Sap UOISIAIG] B] ap UONesNeArid ‘neaatu ‘anbryqnd ajatidoig 
IZ:bE ‘ADUEPIOUl ‘prOddy ‘UIedIIIgUIe-OpeUed aduUeYyda-a1qIT] 
9-SE:EE ‘SUOTUBAGNS 
I1-6:€€ ‘BpounD np adipajonu 
awmiuDs30dd ND [Dsapaf Juawmausaanos np saiouvuLf 
quoddp,) ap n5aady 3[N1UI JUeUINDOp ‘araisTUTWI ‘saduUeUTy 
L-vZ ‘6-LI ‘01-6: 
“‘SUOTIEPULUIWIODAI “AUUATpeUed a11ea]INU UONeIDOSSY 
PEE UONed|dul ‘juaWIaUIaANOH 
O:pE ‘aduRiIOduT ‘suoneii0dxg 
07-61 ¢€¢ ‘UOLIIsOd ‘aqoig A819Uq 
S1:0Z ‘911WI0D 2] 1ed sazapuewap sanbrstiei¢ 
91:07 ‘a}119Sa1d 
aU] e] JURSsedap SUONIpPEI Sap e sasodxa sakojdwyq 
O-P€ ‘01:67 ‘UONeTUAA ‘stojdwy 
01:67 ‘n3sade ‘satay 
alijsnpul ‘aireapInu sis138uyq 


apans ‘o1meiuO SydiMsuNIg-NeaANON ‘910A —auTeajonNU 
aye1uas ‘aayun,A wm ‘adue14 ‘SIU()-s1e1q ‘saTWOU0Dg 
—al1s1auq ‘sadinog—9}1911193]4 ‘UOgIeYD 1SSND 0A 
€-71:LE *9-S7-€€ “VU 
$:0€ -6:67 ‘NeaAtTU ‘uONeSITNA 
S-e7 “TOVALL 
2p gO ‘UOISIAaI ‘samUTeIs0Id ‘UONeWIOJUI ‘aIZo;}oOuUYyIaT 
9-S:0€ ‘6-8:67 ‘shed sazine.p dace uosieiedwo7 
91 ‘€-Z1-0€ “UONeNITS 
L-67@ 
‘ajusuIMM UOTedTGnd ‘Wad B®] ap 110ddei ‘sarnsayy 
Lig€ ‘gutpiqeindur ‘sinoD 
9UINIIC 
b-€p: Lp ‘ei1ssadau ‘uoTeWsOJUT ‘sanbyWUaIIS 
OI °9°6€ ‘€1:LE -S-O€ ‘iTIQuiusy 
b-ET:ZE ‘VUTIqesuodsar ‘wqADD ‘ayds1aysay 
Z1Z-1 8b ‘2iquieyD ev] e 1oddey 
b-Z1'Sb *6-82 ‘9:€€ ‘dn]]eH adepuog 
CI‘Sb 
‘07 ‘6-L'pe ‘adepuos ‘duUsIpeUed aiIeg]INU UOTIEIDOSSY 
a1™§— UOINSOd 
311N§—I1]Qnd 
a7IN§—aAeajonu aiB1euq 


SHOUNOSSAY LA SANIW “AIDWANG eT 


TUSb ‘O€:0F *P1°6€ “LZ:8E “EI ‘TI-LE “61 “Lipe “UONISOg 
€-Z1:Sb *S-pEOb “87 ‘07-61 “bE *S:€E “9}ISSIDAN 
pI:Sp ‘9:0€ -6-81:0Z ‘seunseT 
b-C1-Sp 
‘OL:0¢ ‘e101 ‘aaitwiT] ‘epeued np enbruoje ardi9ug 
L-9€:0b ‘2101 ‘Yorsunig — 
-NBIANON Np anbi119a]9 sI319U9, p UOTSSTUIWIOD 
Eb:Lb ‘9-S:Sb ‘87 ‘OZ ‘ET-6'PE ‘1T-€€ ‘pard 
Ins astw ‘auweis01d ‘auualpeued aiieayoInu uoneIsOSsy 
UONeUIOJU] 
El ‘9-S:Sb ‘1E:0h “UOTIUAIGO ‘asuRYUOD 
sT19Nd 
€-Z1°p€ {LT ‘L-9:0€ ‘Suotstagid ‘sulosaq ‘sadu1AOIg 
L-927:6% ‘g11WI0D 2] ed sagpueurap sapnia ‘aityiqeindut 
‘(-o1a ‘adeAoiauU ‘snpIsel Sap uONSas) sadieysap sinoD 
61:ZE “aJeuoyeU ssuajaq 
RB] ap aiaysturw a] red uontstnboe ‘uoissaid asseq ke saynjjaD 
uononpoig 
p-€1 OE ‘UOTIVIUSUINe ‘x11g 
L:6¢ ‘UOISNITe ‘o1IeUQ-O1PAH,,p apmiea ‘apuewap 12 a1j3O 
C-b€ ‘L-9:6€ ‘a1ISSadau ‘uOTSssaiddng 
9:6¢ ‘eouriIod uw] 
OL ‘9-S:6¢ ‘Saouanbesu0;D 
suUOTIUZAGNS 
O€-62 “€7-OF “6:€€ -01-8:0€ “F10U 
€-7E-p] “UOTIISOg 
JUIWIIUIBANODH, 
8-71-67 ‘8pnie “GqdO 
67 ‘77:67 “99Ue1INIUOD 
anbiwi1ay} s131aue 14 
C$z:p ‘enbijqnd ajanbug 
aIsojouYIa] 7a 
UONLWIIOJUI ‘ITQNg JUUONUIUSNS 2471] a] SNOS 1SSND 410A 
$:sp ‘sjsoddei s1dArp ins uontso0g 
LUTE -9:0€ 
‘SUOISNI|e ‘adivajonu a] Ans 7120,p dnoD 93{NIi}UI JUaUINI0G 
saw] ‘epeued np snbiwoie ais1isuq 
b-E:Lp ‘apne ‘vaload ‘1s0oddey — 
8-L6¢ ‘S}uUaeMapUO] ‘suoNdalo1g 
Sr-9:Lb 
“CE-E-Th *Th-b TP “Op-b-OF *Sp-S:6E *1S-S:8E -9C-b-LE 
“6E-S*PE *9E-P:EE ‘O€-H°ZE “TE-P'TE “67-p-0€ -9€-L:67 “UEUeX| 
enbimou0sg 
€1:0z ‘atneuIsog 
Z1-8:67 ‘Sadinossay sap 32a 
Saul Sap ‘a1Z1aug,] ep eleisturw a] ed ajuesaid eueiodeiq 
: g11Indag 
12 UOTIINPOIg PUUONUAWISNS 3491] a] SNOS 1SSND 410A 
8:6€ “UOISIAIg 
1Z-p€ ‘auTiqeind uy] 
I-OL:LE {6-81:67 ‘Seiuesodwoy 
synog 
L-OT:Lb ‘6 ‘L:6€ *E1:LE -9O-pE ‘ITUaAY 
airegjonu ais19ug 
9119113991 J—"N-] ‘VawWeY Sq] 410A “adtjOWgIeUI a1gi9ug 


Ip] ‘uoneasa 
]Al19}SIUIW 9}1WIOD ‘JUIWIIUUOIAUA Ja aI1ZI19Uq 
stuy) 
-$181q ‘Sa[qe[eAnoual saisiaug ‘eaq{y 410A ‘auUal[oa aIs190Uq 


uorsjndoig—saitesjonu sulew 
-snog ‘uononisu0s ‘]] nesiday—arteajonu ayemuas 
“q-"N ‘neaiday] aiulog ‘awmueis0id ‘juaurasse[saq 
—allegjonu imajseal “1uUC ‘uoiydloy ‘qdN ‘Auedui0) 
d1}99[q PI1OY q—o1ie1ugQ-o1pAp ‘aia1idoig—aisisnput 
‘galeg[oNu aid1aug_ ‘aliegjonu ats1augq ‘noj—uonesqgej 
—apino] neq ‘asesodanug 7a ayatioe ajqrey W—uonses 
‘sairegjonu siayseq ‘uoneqoidde ‘sjagpnq ‘sadeho, 
ja “D129 ‘UOTIVIOAUOD ‘uOTNIedwIODj—SuIOWe | —e11WI07 
‘QITeg]INU In31dvI1 ‘AGQNVD) ‘sedipueddy isnv 110A 
‘a1W102 9] 1ed sapuewleap s}usWIaUsIESUaI Seetie ee S| 
6-87:Sh *8-9'7 “AANIDNIIG 
Z€ ‘O-bl ‘“L'Sp ‘uonestieatid 
‘xnedipaw syinpoid sap uorsiaiq 12 enbiw1ysorpes 3191906 
6:0€ ‘e1]1qGIssod ‘uoneimisn.nsay 
SUIOWA] 470A ‘SadvusIOWa} ‘sjURUassIday 
aduapiouj—uol1jInpay—sesuadap 
Sop jaspng auUuouUaUsns a4ii] a] SNOS 1ssND 0A 
6c ‘L-97:0E ‘awUIeId01g 
L-97:Sp ‘UOTRUsWBNe ‘UOTNgIUOD ‘O1Ie1UQ-OIPAHY 
8E-0P ‘Spuoj 
juawiaddoyeanap 1a ayod1ayoay 
€l:T ‘Jenuue is0ddey 
Z-ITp] ‘e19ap red uoneurwmou ‘sry ‘ory 
919190¢ 
QUUONUIWUSNS 3471] 2] SNOS 410A “UOISIAIG ‘xnedIpau syinpoig 
1q—sesuedap 
Sap 1aspng auUoyUawusns 34j11 a] SNOS 1SSND 110A 
SE ‘TE ‘9-SZ “LI:Sp ‘astadanua,p uryg 
Ppl ‘pz ‘aiquieyy e] e sysoddey 
Lip] ‘eitwoD np saiquieul xne uorinqgtisisip ‘sjuaumNns0q 
Z1-L*h1 -O1-6:1 ‘Ueurexg 
I-Ol‘pT ‘Suorsisaid ‘siojduia,p uondi19saq 
ZL:b] ‘anbrusinsury soueiedui09 
ya19Ep red suoneuIWION 
I-OL:pT ‘Je19Ep ied uoNeuUrwoONU ‘astmno7 ‘use 
6-Livl ‘OL:1 ‘1e19Eap red uoneurmou 
‘UOI193IIp B] ap Jays 12 JUapIsaid ‘sawer ‘A]TauUDq 
OI-6:1 ‘UONeuUsIsapar ‘}1IasuOyD Np iuaptsaid ‘y1aqQo0y ‘saidsaq 
€-Zp:Lp ‘uousadsns ‘aseiied ‘sinod 
I-01 ‘LipT ‘UOTIeIISIUTUIpe,p [IasuoD 
1¢:p ‘suat] ‘anbiwoye a1318u9,| ap a]O1U0 ap uOISsIMIWIOZ 
OL:b] ‘a19ep red uoneurwou “+f our ‘aisayad 
€Cp UOTIE[USA 
97-Sb 
‘S-€1:g¢ ‘Juewaddoyaagap 9] 19 BYdIBYIEI L] INS BdUapIdUyT 
I€ ‘97:Sp ‘JUsWAIUeWAI ‘IaIDUReayIg 
uonsnpey 
L-91:Sp ‘Suostel ‘sprejei ‘1odap ‘astadanua,p sued 1q 
sasuadap sap jaspng 
O1-6:FT “3219p 
Jed uoneurwou ‘fiasuog np iuaprsaid ‘jiseg ‘neajauag 
C-P7Sp ‘WUaUTaIANODaI ‘a}Jap ‘JUaWaUIIANOS ‘auTUAsIY 
G-€€ ‘9:Gp ‘uOTIStAgId ‘snjdins ‘sayeis1auWI0D 
LZ “b7p “SPUANIIY 
(FOV) aaztwury ‘epeuesd np anbrurojze a1s19ug 


dANIN-3119, ] —uoneqoidde 
‘syadpnq ‘saseAoA—a}1WI0D 4104 ‘usIpeuLd unIsodulds ‘a1d19uq 


€-7Z “b-Z1:6 ‘uondr19saq 
awmuiess01d ‘u0IIVAedad ‘a1Z.19uq 


el SaONNOSSAa LA SANIW ‘AIONANA 


ZZ:LT ‘UoNeiDaze ‘spuoy 


auue1301d “yuauaddojaaap 39 aydsaydIeI ‘aI319Ug 


wintiurig ‘eloid ‘tvSuvava 
‘soulUIeIZ01g—atisnpul ‘saul ‘soursqN—anbrixeyy ‘siayjq 
—ajuaiuq ‘x1id 1a sayoiew ‘jainieu zed ‘sajqeijaAnoual 
saisieug ‘eweioderq—aeiteajonu aisiauq ‘edesodanuq 
—uor1sad ‘saiteayonu sjayseq ‘518 ‘uoNes0AUOD 
‘uornied wo0j—SUIOW 9 | —9IIWI0D ‘UOISSTUIWIOD 
—jealoid ‘astpiny 1] Ua UOTIsNqwod e a1etIpneyd “g-"N 
‘meyieyD ‘ays1ayoay—uogqieu,) ‘1afoid ‘yasoqieD issn 410A 
9-$:9¢ ‘UOTIeI19 ‘saisod ‘s}uIO[pe sarisTUIW-snoSg 
SUIOWA] 410A ‘SadeusIOUa} ‘sjuLIUasaIday 
9-Sp-pT ‘eiTW0D 
3] ed sapuewiap siuaumndsop ‘uonenyeAg ‘sawmweis0lg 
Bpp ‘Vepueuw ‘Inaisas ‘suONedTUNWIWOD ja aTego]s anbrijog 
uonderiq ‘atyders0ji31e9 
12 SQAI] IUUOIUIWSNS 34]11 3] SNOS 18SND 410A 
61:L]T ‘jeuuenburnb ueyd ‘uonsnpsay 
S-bEp1 ‘auretqoid ‘je10jW 
S-pe-py ‘uoneotdde ‘107 ‘sayjatsyjo sansuey] 
C-P7p] ‘INayeArasUOd a1TWIOS UN,p UOTIeID ‘aIINby 
ayonequiq 
61:LI ‘suoste1 ‘uonRUeWsNYy 
Jeuuosieg 
pz ‘aiquiey,) e] & 110ddey 
p-€]:] ‘Uaurexa ‘ja1deap ed suoneurmoN 
p-EE:LT “UOTIeIOGKTIOS ‘SaraisTUlA 
Ol‘bb -p-€l-bl ‘epueyw 
L-97 ‘8-9OL:LT -9-SE:ST “POURTTEI-SNOS 
SL:L] ‘aitwi0D np 1ayje13 np seidne iodap ‘juawins0q 
L'9p ‘S-€L:L1 :O€-87:S1 ‘UONesIuRsI094q 
O1-6:ST ‘OP-8E-HT “ATJaNUeAg UONeSHeATIg 
LE-S] “gITWOD 
a] 1ed sapuewiap soirejuawajddns syuauiausiasuay 
OCS] ‘suOIstAgid ‘;auuOsiag 
L-9:9p :O€:ST ‘Yepuey 
L-9Z ‘9-SI:LT ‘SedtAsas ‘anbnew0an 
uodealiq ‘atydeis0i11e9 1a SaAa7] 
pl: ‘Je1sap sed uoneutwou ‘ansturw-snos ‘inyisy ‘1as301y 
1e-pp “UOresITu) 
O€ bh *Cb-PT ‘Sei1299y 
b-€p-PT “UOTseH 
1-0€-PP 
‘goualayip ‘sanbnewsoyur suonesijdde sap uorsiaiq 1g 
Crp ‘T210} NOD 
JeajUuad adtAdas ‘anbuewio0ju] 
L-9:L] ‘IAMS ‘suoT}epueWWOdAI ‘(UAaSTaIN) 
samweisoid sap uawiexa,| ap gd1eYd [Teak ep adnoin 
p-€1:] “e19ap 
ied uoneuruiou ‘julolpe aisturwi-snos ‘pieuoaTy ‘poor 
OL-bb ‘p-€1-9E ‘BOURSyZNsSU] 
€-02 ‘9-ST ‘T-O1-bp ‘Seinsaw ‘uOneIOTsUY 
uorjed191318g 
p-€1:9¢ [7Z:p] ‘adeiuasinod ‘sawwaJ 
sauoydosurly 
6:pp “UOTIBaID 
‘JALIDISTUTWII9IUI 9ITWIOD ‘a1giSTUIW ‘JUsWIaUUOIIAUY 19 
b-EEbh ‘SPINIYJIP ‘SInaydsay9 say] red yUaUIaINIDaI ‘sampeD 
Sip UOneNUIA 
aj7ing—sasuadap sap iaspng 


a1ING—1ISIUIW ‘SadINOssay 3a SAUTJA ‘a131IUg 


SZLT -SE:ST 
‘QI1WI0D 9] 1ed sapuewlap Sairejuswatddns sjuswiaudiasuay 
OL:61 -S-€E:ST ‘SuOsTeI ‘uOTIONpay 
1-O0€-PF 
‘6861-8861 39 886I-LR6I e11Ua UOSTeIedwIOD ‘sUOISTAaIg 
SZ:LT ‘Suostes ‘suonenion 4 
sasuadap sep jaspng 
6p Vepuey| 
Clb] “aulqey ne saddv 
nevaing ‘SayejUsWIIUUOIIAUD SalIeV 
ve ‘OZ bh “9ITWIOD 
3] red sgpuewap siuaweusiasual ‘suorstagid ‘uoTNUIWIG 
6I bb :L-9€:p1 ‘SuOSsIel ‘uoTRIUsIIsNY 
jnod “UOTIeIISIUIMIpPY 
Il ‘ppp ‘npuai aidurod 1a suorstagid ‘saAnOy 
1QISIUTW ‘SadINOSSaY 32 SIUTIA ‘dI319Ug 


JWOD JOIN] d 410A *a4TWIOD ‘sadINoOssay 3a SaUTA ‘at3190Uq 


17:S€ ‘gidope I¢p 11p91D 
61-:9€ ‘17-p:S€ ‘8861-L861 
1Z:9 ‘aidope *¢ 000 00r 6 & UONONpay 
Tr ‘8¢:p ‘140da1 ‘910A ‘T EJ IWpeID 
Ip:p ‘aidope ‘6-g¢:p ‘egs 11paig 
1b-S:b “L861-9861 
ailejuewaddns yaspng 
€€:9p ‘aIquivyy ev] e 110ddey 
ZE:9p ‘sgidope syipaia 
€£-S:9p -O€-b:Sh -CC-bbb -OS-SEp “6861-8861 
p:SZ ‘o1quieyy ey] e 110ddey 
6:SZ ‘saidope sitpaia 
6:07 -6C-b:7Z *L7-b17Z 
*1€-S:07 -O€-S:61 -LE-9:LT *LE-v:ST -Ob-S-b1 ‘8861-L86I 
edrourid ya3png 
Sadinossay 39 sour ‘a18198ug 


€L:9€ ‘07:61 *LZ:81 “919 ‘tuewade|duIa1 ‘aging 
aWwUeIs01d ‘(YAANI) eeuoneu 
SATZEIIUY “QUIWIIE[dUI91 ap SaIZ1aUa 49 BIWOUOII ‘a13.19Uq 


C76h “UOISNTTY 
d[EIPUOW 3dUdIgJUOD ‘aId.19Uq 


$:6b ‘UOISNITY 
(uapi0g) a39nbua,p afeAO1 UOISSIWIWIOD ‘aig19uq 
juawmaddojaasq—sinaionpuosiadns ‘ouejug ‘ysimsunig 
-NBdANON ‘SIUs)-SIeIg ‘yoIMSUNIg-NeaIANOoN Np anbr3j9a7a 
a1819Ua, Pp UOISSIMMWIOD ‘aseyyneYyD ‘e1eqiy IssnD 0A 
9-$:€ ‘UOTIUDAIAIUT “JUIWIUIBANOS ‘UONeIBUe] 
O€-67:9b *87-Ob °6:67 ‘SedIN0g 
Q-C:6p ‘$1na1de} ‘UOTINTOAY ‘1n319a¢ 
P:6p ‘due IOd UIT ‘sadInOossay 
QL:1Z ‘UONDUTISIp ‘sadUddI] 19 SIDURUUOPIO ‘UOTIeUIaWIA[sAy 
6:6h ‘UOTIL Daye ‘spuoj ‘}uawaddoyaaap ya aysdIayIey 
L-9:€1 ‘uoriisod ‘sadinosay epeued oOdexay 
6:6 “801 “SAdUIAOIg 
IT:8] ‘auwoayip ‘anbisaiens uonedyrueyg 
C-6b -PI:€ ‘SIna19e 4 
O€-67:br ‘UdT] ‘YUeWaUUOIIAUA,| ep UOTIDaI0Id 1q 
ILS] ‘eristul] a] red ai1ej aduOUU ‘alias ‘SuoTUnaY 
OTT] “Uemasst}qeig 
anbiia8ieue enbiijog 
arg —aisiauq 


SAOMNOSSAY LA SANIW “AIOWANGA rai 


peipp ‘elueuTMUNI UOTedT;Qnd “juauINdop ‘suondoO 
g-LiE] ‘uoTiIsod ‘sasInosay epeueD odexa] 
8:8 ‘81 ‘L-9:z “912 ‘sasayiodAy ‘sorsmeugd¢ 
L:g ‘Inof e astw ia uONeoITQng 
6:6¢ ‘UOIsIde1d ap anbuew ‘suorsaloig 
8-LI1Z ‘artes 1z0ddea ‘siup)-sieig 
6-SZ ‘SI-6:TE *Li€T *E€-LZ “€-1Z “61 “ST-L:L “SUOISNTIUOD 
6-RI ‘9-S:4 “910 ‘sanaaimua ‘sadepuos ‘ing 
6007-S86I ‘apunwap 1a auffo ‘pppunD 
np a184aua, TJ 3NINUI y10ddes ‘ais1aug,| ap [eUOTIeU adqFO 
QO-SI:[] ‘SUOISN{]e ‘[eJUSpId9O UNWIUWIOS sYyIIeW\) 
Z-12:€ _‘Frsealgo ‘aaqrinbe 
aisnf ‘araduesrie oia1idoid ja siaduesi9 S}UaUasst}saAuU] 
BE ‘SEZIp ‘SaTqesuodsay 
6-LE-Tp ‘Sansa 
6-8ETp ‘AUEprIoUl ‘seuTIOU ‘STU -S1e1q 
guseogyg 
O1:9¢ ‘1ayJe13 Np seidne r09d~ap ast] ‘sasaAIp sapnig 
Z-1L:€€ ‘201 ‘aateajonu aiS100g 
8-L:ge ‘uonTUyeq 
sarwmoUuo0dy 
L-9:p¢ ‘uonenis ‘epeuey 
6:6£ ‘LZ:€E ‘SUOISIAId ‘sulosag 
¢:0€ ‘uorIsod ‘sanbries19ue saistuou0dg 
€-Z1-€¢ ‘Suaippun) 
sa] anod anbua8iaua atuaaD, 7 9NIWUI JUeUINI0Gq 
T-O€ ‘82 ‘p-€1€€ *8Tp] ‘Ttueay 
01:6€ ‘a]O1 “JUaWIaUIaANOS ‘s}UaWIdUUOISIAOIddy 
a1g10ug 


suaIpeurs 
sumpoid sa] 9aae BdUaIINIUOD ‘|QDV,] Jed aguuonuaaqns 
uoneio0[dxa ‘sautljy—iueuaddoyjaaap ap ato ua skeg 
‘UOTIESITLIIUADaG—aYd1aYyIeyY—AINISNpul ‘saul ‘UOTIsadsns 
‘UOIIeaIO ‘JOUTISIP s1aISTUTI|—SeuTP) ‘aiTed1o1unj] 
—salAnoWy— LAWNV)2 ‘luewassis1ejg—auuess01d 
‘S9ATJIPVIIIE SUOTIDY 470A ‘aqzipediorunul “quo ‘aye IOLA 


SIU()-S1¥1q ‘$319T90¢ 
—so1jgnd sastaias 72 UONIONpoIg—alld141199[q ISSND 110A 
1-02 ‘L-9:L€ ‘uoneNitg 
ZI ‘S:L€ “918 “Jepuew ‘alOY 

I-OE:LE ‘SOUTeSIIBWIe $919190¢ 

OELE “BIITIQIssod 
nuaaal 3] Ins 10d wy 

8-97 “€-17LE “912 
‘\uawma}epua,p soles ‘1aduea,]| & SJUNIdWa ‘jUaUIadUeUI 
S-LiLE ‘ayetpuow uoneindal ‘asnssdxq 

$9}9IIOS ‘SAdTAJAS 6971911399 


uolje10d109 sang 
Pl V-SuUeI] ‘AANAN-alIay ‘OlIVIUO “N-'L ‘eaweyY sal] 
‘stuy)-sieig ‘yoimsunig-neaanon np anbis9a19 a1819u9,p 
uoIssIwWUOD ‘anbruueiig-aIquiojoD ‘anbr119a]9 ayer1uas 
“yuo ‘neajdeyy ‘saireajonu sayeuad ‘eliaq]y 1957 410A 
S:pp “aoddei ‘GNO ‘uoneiusweasay 
€-1¢:pp ‘Seouanbasuos ‘uoneiusewa[sa19q 
Saluda, 
askjeue ‘sainsajy 
—SaIWIOUNI GUUONUIWUSNS 34111 2] SNOS 1SSND 110A 
‘ ajING—SJLIe |, 
a1M§—9}1911}991q 


S-PE:Ib ‘aitiqissod ‘uonesyipow ‘aurstuesayy 
C-prBE -Z-TE-LE “‘UONeXI4 
6-81: Ib ‘SJuesau siayyo ‘neaatu seg 
SHIRL, 
O€:6€ “[211U910g 
97 ‘9:6€ ‘01-6 ‘9:LE ‘91191119919-01pAY 
Z-1LLE ‘aTaT[ered uoneisued no agatid arsisuq 
97:6€ ‘1-OL:LE ‘elTegjonu a1gi0ug 
97:6€ :O1 ‘9:L€ “UOgreYyD 
sadInos 
O€:Zp ‘SJUaWasUeYD ‘UOTISad ‘saIIATIOe ‘Sa19T90S 
C-1b-6€ 
‘asejuadinod ‘agaiid a1g19ua,p sinajonpoid ap aigiidoig 
sorjgnd sadtaias 
L-91:6] “‘SUOISSNdSIp ‘JUsUTaSsSI}qQeI19 
‘e119QTV,| 19 BqoiURYY 3] ‘UPMOYIILYsSeS e] sua Neasay 
€£:6€ ‘2101 ‘suauaUIBANOS ‘juaWIeddoTaAap 1a BYydIBYIOY 
p-€£:6€ ‘Q1ITIQIssod ‘ay19edevoIn¢ 
€£:6E ‘UOTIVUIUIIDIEp ‘sudo 
9:6€ ‘8[92IS NP UY ek] 191,p S}JUaWIassNsaAuU] 
C:LE ‘14ed ‘sa19190s ‘sadtAras ‘gUdIn991g 
pE6E -11:6Z “SINOD 
L-9€:6€ ‘SuOIstAeId ‘uoNoNAWsUOD ‘saTeIUAaZ 
1Z0€ ‘WINIueIN,| ap JUaWassIysI1Ua,| 1ed UONeIUeUsNY 
uononpoig 
L:LE ‘Uaetpeueds asnbnesiaue sysiew 2] suep asejuadInog 
Cpp ‘QUsUIWIWT UOTeIOge]a ‘anbit]og 
S-Pl€h -67 ‘S-1Z 
‘Q-SI “L-S:1E “12 ‘aTQa ‘saitATIoR “GNO ‘uonejueMeTsay 
SLE ‘UOTIeST[IIN ‘sa119938y 
9Z:OP “ADUAIAFIP ‘1NOd ‘Sa.1j$9119] 139 SAUTIeWI-SNOS 
OZ-81-6h ‘81:7 ‘erINe,| & aoutaoid aun. p Ssad0V 
UOISSIWISULI] BP SOUSTT 
S*bb “bl-€b *8-LZ “07-81 “6-S:1€ 
‘LL:6] “edUapisul ‘piossy ‘uTediJauIe-opeued asueyse-a1qI] 
9-ST:LE ‘seduanbasuod ‘uoneuswalsa1aq 
ZETp ‘AUIAY 
suoneiiodxg 
O7-LE 
‘uosteredwios ‘inajewwiosuos aj red aXed xiid ‘jainieu ze3 1g 
1-01: Tp ‘eseygneyD 
€-01 “L-9:1p ‘UONeIOTaWY 
geIA 
1-OF- IP 
‘aiuiod ap saporsed sap sioyap ua uononpes ‘sey 
CE-67- 1p ‘SINa1OW 
SI: Tp ‘WUOTIeyTOS] 
7-61 “L-91- Tp ‘aserelag 
C-rl:Tp ‘nea-ayyney) 
8-S7 ‘9-ST:1Ip ‘Siedeusu-01)99]a stiareddy 
askyjeue ‘sainsayj 
8-Lilp ‘suoisnyye ‘s11oddes ‘sunjnsuod asinosay saqieW 
9:1p ‘2uUapIoU] 
sarumoUu0sy 
OL ‘8:1 ‘suorstaaid 1a a8eiuasinog — 
Or-6€ ‘9-SE-1p ‘SuOstes ‘aitpides ‘uoneiususNy 
apurulsag 
SUOTIEIIOUKY AUUONUIWSNS 3471] a] SNOS 1SSND 110A 
L-9OT ‘6-8:LE ‘ITuaAV 
FING —9WI1I}IIT A 


IT SAOUNOSSAU LI SANIW ‘AIOWANA 


CEVLE ‘9UANIes “JuameUUOTSIAOIddy 
9TIT1I99TF 


8-LZ ‘ST ‘8-9:81 ‘apniea “‘sadinossa1 ja SaAtasal ‘a]O118g 
(‘oU] BpeueD Np a1le[Og ais1aug,p 919190¢) []1q ‘uos}1033q 


aualug ‘ajeigurwm uoreiw0[dxg 4104 ‘(Waa 


O€-67'€7 “@pnie ‘aizisnpul ‘saul 
(uaIpeued PION Np ja SaUUASIPUI SalIeyyy Sep a11sTUTW 
np airejuawayied aireiai9as ‘png-uojuowpyg— d) wif ‘spaempy 
S-v€ ‘ZE 
‘O€ ‘LZ ‘S-IZ ‘EL:pe ‘Uewexa ‘anbrwouode ‘alreg}onu sid138Uq 
(auuartpeued aitegjonu uOTIeIDOSSY) YSIN ‘1931pq 


sajuajug ‘jeuoise1 enbrwiou0se 1uewieddojanaq 4704 ‘YAdA 


y—2]ONIg 1ssND OA 

STITT “Ieza1UI ‘qqdO ‘vanure ‘aitiqeis 

9:p¢ ‘UOTINGINUOD ‘aLnsnput ‘alTeajInu at81euq 
aqwou0rg 


salivgjonu Sinajseay 
‘JUIWIBUUOIIUO.jJ—aIIeajINU INa1dval “‘QGQNV)D 1SSND 410A 
ZE-67 ‘UOTIESIIIIN ‘WINTUeIN Ja WNilaineq 
9-S70€ ‘2191 “TOV” ‘e1purow in0D 
uoTIed11gGe J 
ap.Ano] neq 


UOTISAS ‘SaITegTINU S1aYydeq 410A “URW ‘aaI}UTBIg 3Seq 
do1IWIT] ‘epeues np enbiwoie ais19uq 4104 “IOVA 


C-1€:6 ‘apnia ‘sadinossal ja SaAtaSaI ‘alOI3g 
(sadinossay sap 
12 SAU] SAP ‘aId19Ug,] ep sigisturw) Jaiag ‘audg 


€16E ‘SuOsTe ‘aiINpel UOTIINpoIg 
JUL] UOTWe1IUIaZOD [edIIWIaYD MOG 


67:6 ‘APNIe ‘sad1nOssai 1a S9A1asSe1 ‘a]O11Eg 
(sadinossay sap 
19 SAUTJ Sep ‘aId10Ug,] ap s1gi1STUIWI) UaeIney; ‘uEsnog 


allegjoNuU s1B1BU_ 410A ‘a11jZaWISOg 


aalIwWIy ‘epeued np enbiwoie aidiaugq issnD 1104 
6-872 ‘9Z-b:0€ ‘UsUIexd ‘anbrwoUu0s2 ‘gureajonu a1s138uq 
QE-17 ‘6-b1 ‘Z1-F'Sbh “6861-8861 
O€-7Z ‘OZ-F'b7 “8861 -L861 
yedrourid ia8pnq ‘sadinossay 19 saul) ‘aIs138ug 
(agirmTy] ‘epeued np enbrwoje aissauq) souer ‘{]auu0g 


“912 ‘UOIIVIOAUOD ‘UOTINIed WOD—SUIOWIa | —9IWIOD 410A 
9-ST ‘1-01:SZ “012 ‘uontsod ‘epeued)-onag 
S-p1-S7 
‘9-9:6] ‘Ssapuewiap suonesi|dxa ‘epeueD OdOUTY,P 21JO 
JeUIV 
*p7] unsjo1j3ag sul0g 


6-LZ ‘€7-11:ZE ‘Uawexea ‘anbrwou0se ‘aiiegjonu aisiaug 
8-9 ‘b-€b ‘Ob-8E “SE-Eb “6861-8861 
9-bZ ‘IZ-61 ‘OI ‘bl ‘O1-8:07 “8861-861 
yedisurid yaspnq ‘sadinossay 19 sauT| ‘atsiaug 
(anbrmore © 
91319U9,] 8p 2]O1UOD ap UOISsIUIWIOD) PUNWISIZ ‘1yz}BIEWIOG 


yormsunig 
-NBdANON Np anbi4119a]9 s1319UIa, P UOISSTUIWIOD 410A *1B]JOG 


epeuey np 
anbiso]0e3 UOISsIWWIOD 4704 ‘aqo]s np enbisXkud ev] ap u01jda.11G 


1-02 ‘T-O1:pe ‘uewexa ‘anbrurouo0da ‘aiteayonu aid1aug 
(QUUaIPeUed allegjINU UONeIDOSSY) eITY ‘SIeOsAL-aUUOIG 


YOIMSUNIG-NeIANON 18SND 110A 
CTET “UOISIADY 
6-8:LT ‘a1quiou ‘sajuedionsed saouta0ig 
O1-6:L] “512 ‘satjuOdUeI “jUsWaUUOTISUOF 
(YAdaq) sejuajuq ‘[euorse1 anbrwouode juawieddojaaag 


Jeinieu Zey ‘uoTedIIqejJ—e2piNoO] neg 470A *WINLIajynNIG 
ssIUWITT ‘epeuey np snbiwoie ais1augq 4104 “1aQOy ‘seidsaq 


sayn][eag—uononpolg 
—allegjonu ais19ug 470A ‘a19}StulUN ‘ajeuOTj}EU asuajaqg 
d1TegjonNu aye1}Uad 
“q--N ‘neaiday ajurog ‘o1ejuQ-oIpAP ‘stup)-sieigq 1ssND 110A 
€-ZE:p ‘aodsuesy 
Or ‘9€ ‘77-61: “A-"D ‘Aaring 
8-LZ:0P “29U9}SIX9 ‘SUOTIN[OS 
9€ ‘OZ-61"b “IUO ‘Ysno10gIeI¢ 
1-0Z:p ‘paid ins astw ‘soumuress0ig 
L-97 ‘1-0Z'p “312 ‘xNeAeI] ‘UOTeaID ‘apnia,p ednoin 
Z-1Z:07 ‘9€ ‘OZ-61"b “UO ‘adoy 110g 
9-SE ‘OE:€b “VADD FB] ep enbijqnd uorunsy 
L-9€:Ep “919 ‘8101 ‘UONvaID ‘apnjie,p adnoinH 
JUsWaT[eAnoual ‘stulied ‘uoney{]eisul “UC ‘AqueIH 110g 
L70b ‘SePoOliag 
bZ:b ‘aipiqissod ‘aitjiqesuodsa. ‘anbrun auistues1O 
7Z:0Z ‘UotsoOd ‘aoutaold ‘o1mejUO 
€7:0Z ‘UOTISUTISTp ‘uOTIENdeAD 1q 
saitegjonu sayqusnqwio7 
12 QUATION a]qiey Y auUoNUaWSNS 2471] 2] SNOS 1SSND 410A 
€-77Z:0€ *S-pZ:61 *1Ep ‘Sattostaold saiig 
EEE “911ANIIS 
TE-p ‘UOTIESITIIN ‘saguUOpUeRge saul 
CT:LE -p-CE-bE ‘SepoyiaW 
1-0€:p ‘SuOIsIda1d ‘s}uauassnsaAu] 
8-LE-h “Ng ‘proyuepy 
17:Sp ‘aoueiiodun Wurin 
€-77'Sp ‘o]dwexg 
77 ‘8-LISb 97 “€-7767 
‘p7:6] ‘Seyd1eyoei ‘aout ‘epeued np anbrwuoie arsiauq 
€-7C-67 
‘p-€7:6] ‘onbiyyjod ‘araysturw ‘sadinossay 1a saul] ‘atsi0uq 
S-be-Lb 
‘TZ-SL:Sb ‘1-Or:ep ‘UONeNyera 1a UONe|NUII0; ‘Wdadu0; 
b-€7:6z ‘shed sauiny 
ZEpE ‘UOTITSOd ‘auUaIpeUed aiTea]INU UONeIDOSSY 
67:67 ‘2101 ‘anbiwioje s1319u9,] ap ayeuoNeusaiul souasy 
asesodanugq 
O€ ‘8-LZ:p ‘Saitjiqesuodsad ‘alisnpul ‘airegjonu arsiauq 
1Z:07 “URW ‘seUTeIg 1seq 
LULP ‘ELSE *Z-1Z:07 *1-0€ ‘ZZ ‘BT ‘lespnq 
12 9]O1 ‘anbruio0je a1818Ua,] ap 2]011U09 ap uOTSsTUIWIOZ) 
€-ZELO SE'6Z *Z-1E “L-97 “€T*p ‘“adesodanug 
LI:LP p7-Sp “UOReUTUNIT A 
b-ETSP *ET*h ‘guIxajdw0D 
saileaj]onu sajqrisnqui0; 
311NG—UOI}Sa8 ‘SaiTegjInu sjayseq 


SAOUNNOSSAY LA SANIW ‘AIONANGA OT 


O€-6Z:b ‘Saast]iun sanbruyse} “UO ‘IaATY yyeyO 
1e:p ‘aitpiqesuodsal ‘uIntueIN, p SaUTUI 1a SaiTvsjINuU SayeUay) 
O¢:p ‘sonbijqnd sasuatpny 
€Z:6Z {OZ ‘€-ZZp “912 ‘saayonoi suOTsaI ‘a11AvIS ‘aua]qQo1g 
Ip-6€ 
‘$-€€ ‘IZ-LI*p ‘Si1pess ye sailjiqesuodsal ‘uoneasd ‘adjO 
Seip ‘saasijun sapoyiew ‘xneiidoy 
GZ ‘81:p ‘apmiea ‘sraulIeg SUIT,II 
O1:9b 
‘6-L1:9¢ “010 ‘“jaoddes “epuew ‘apniea ‘[reav1 ap adno1n 
1-02: ‘gi1[1Qtuodstp ‘sasraatp sapnig 
9-ST*b “@pans 
87 ‘O7-8I'h “SAIS 
asesodanugq 
L-91:9€ -L-9€-h ‘2108 
LE ‘“b-€Z ‘T-OZ:p “912 ‘suostes ‘uoNeiNsuOd ‘sjioddey 
SZ ‘L1:p ‘a1utod ap awwieis01g 
Se:p ‘uondasied ‘ste1jz 
ao1TwIy ‘epeued np anbiwoije aisiauq 
1Z:p ‘aitqissod ‘paid ins astwi ‘aijuas ‘uoneulMtyTy 
SATION a1qIEy Vy 
u017sa8 ‘saiteajanu s3a49aq 


uonse11xXg 
—UINIURI() ‘allegjoNU Ina\dea1 “AYOdMOTS ‘Seitegjonu 
sinajovay ‘aitegjonu ayesiuad “and ‘Ay[NUeyH suey 
‘TTOUSAIIU AA ‘BITeI]INU BsYdIaYIaI ap a1jUaD ‘[ISe1g ISSND 410A 
O€:p ‘UOSsTeredwI0d ‘sjallIsNpuUl sJaydep 1q 
p76 ‘Januuy 
suIN]OA 
CE:Lp ‘aoueuaaoid ‘sked samny 
EH “QUATION aIQiey Vv 
saireajanu sjayseq 
SaIsTyIIayIaY—IIWIOD 410A ‘aut ‘sazElsossy ABD uvag 


€L:ZE ‘aoueinsse ‘aireajonu azipiqesuodsay 
6:6E ‘UONINpoIg 
bZ ‘L:6E “UOIuIADG ap ar14IDsguas 
aypaquad wT ayninur 1o0ddes ‘yersuIAoId IMNaedY1I9A ‘O1ILIUO 
6-EULp ‘Suostel ‘x10Yyd ‘juawmase|dwq 
1-OP8E ‘S20INOs “jUaWIADURUT 
ETE ‘SuOsTeI ‘Te]aq 
7-07 ‘8-L:6€ ‘UOTIBUITISa-snOsg 
I-0€:Sp ‘ai1wWI0D 2] Jed sapuewap sjuawWaUSIaSUay 
1Z:6€ *S-pE:BE “SUOISIAZI 
1-O€:Sb ‘bZ:6E ‘SINa19e} ‘UamMassedaq 
0€-67:67 ‘}UeWassIOWUY 
s1noy 
uoljonmsu07) 
avapanu ape.szuad “4yUCO ‘U0zIUTLIEG 


JOD] 410A *291893UI UOIZBIIYIEZeZ Vp QUIQUIOD a[IAD 
LL:IZ ‘ANO,1 ap uorstsap ‘uononmsuod ‘autjadig 
epeury prueuedk) 


7-11SE ‘8861-L861 
airejuawa|ddns yaspnq ‘sadinossay 1a saur ‘aissaug 
(ga1wry ‘epeurd np anbrwoie ais1auq) plaeq ‘uoszs9qyuinD 
L-SE ‘€€-67 ‘97 ‘p7-9:6 ‘“APNie ‘sadinoOssai 1a SaATISII *3]O119d 


(sadinossay sep 
12 SAUTY Sap ‘dId1BUT,] Vp a1aISTUIW) UIARD ‘alainD 


L-Sp ‘€-Tb “S-71:€7 ‘apni ‘atsmisnpur ‘soul 
(epeued np aiaiuiw uOoTeID0SsYy) Ia1]eAy ‘Yoong 
epeurd 
Np aigtulu allisnpul,| ap anbruysai |1asuoD 4704 ‘OWILO 


atuas 
Ud 19 SaTJIINJeU SadUaIdS Ua SaYdIBYIEI ap [Iasuoy 4704 *HNSYO 


adejuediyv—'O-"N “] ‘ueAmadtyy 1104 10,4 ‘apueg ‘3a19 


juaWINIOg—eallWIT] ‘epeuey np anbiwoje ais10uq 
—d11eg]INU IId1IU 410A ‘adivajmnu a1s4aUa,] ANS 1120,p dnog 


81:77 ‘siioddei ‘argwi-a19190¢ 
ET ‘S77 “[eID0s adarg 
9-SZ:7Z ‘sayroeded ‘tAIns ap Sad1Aiag 
SUIOWD] 4104 ‘SadeusIOUlal ‘siueiuasaiday 
OL:7Z ‘ei1wI0D 2] aed sapuewiap uoNeNUaA 
Z-L1:7Z ‘senbruisis sapnie ‘aruezuey 
S-pL:%Z “91a *sadts1DaIIp saust] ‘salsay 
81:7 ‘sayqesuodsai ‘ajo1qUOd ‘aiTjeENnO 
6:7 ‘sasuadap uou siipeid ‘siafoid xneaanoN 
O1:@z ‘etuepsor 
6:77 ‘Suorsisaid ‘atuoydoours 4 
Il:% ‘a11wi0D 2] 1ed ssapuewap suonenjeagq 
b-€7 ‘LL@z ‘saanpasoid ‘sienu0s 
L-S1:ZZ “eueMSIOgG 
12-61-27 
“a ‘uoneiguNual ‘ajo ‘saystjeloads ‘epeuey-oneg 
VOCNC 
‘6-81 ‘L:7Z ‘snssedoid ‘91a ‘aiAnao ua asiu ‘uoTegoiddy 
€-@Z ‘€-Z1:77 ‘seayyo.p sjaddy 
8-L:7 
‘uolieiuseuisne ‘sasuadap ‘aune] enbiiawiy 12 sayjuUuy 
11:% ‘uopueqy 
sialoig 
S-b7 ‘9-S:77 ‘astadamua,p ueyq 
snssad0id ‘d3a ‘aiAna0 ua astm ‘uoneqoiddy 
—S1alO1g aUUONUAUISNS 3471] 3] SNOS 1SSND 110A 
O7:7Z ‘AdUaPIIUI ‘UOTIVSTILATIg 
epeuey-o1lag 
L-S:@ ‘vepury 
9 ‘p77 ‘aitiqeindwy 
9:7Z ‘SadINOs ‘jUIWIIDUPUI 
P77 ‘Wonea1D 
S-F:@T “SeAQuayy 
61:27 ‘211 ‘aiuapisaad ‘|qOV 
UONLNSIUIWIPL, p [1asuOD 
97 ‘8- L127 
‘g11WI0D 9] 1ed sapuewap sarreiuawajddns sjuawausiasuay 
p-€1:7Z ‘suostes ‘uoneiuswMIsNy 
sasuadap sap 1edpng 
177zz ‘aseyiodAy ‘arwouoiny 
S27 ‘SPUATIOW 
8:77 ‘a1TIqQIssod ‘uontjoqy 
a[VUOIZEUIIZUL BdULISISSE,| Inod epeuLD-0.1j9g u0TZe.10d.105D 
b-E1LZE 
‘uontsod ‘anbrwioie a1d139Ud,] ap 3]O11U0d ap UOISSTUIWIO7 
PI-D 10] op jefoad ‘saareajInNu UOIe.ABSIUIUIPe 32 3[013U0D 


bl ‘O17 ‘synsalgo 12 uoNeeID 
(OWILO) Bpeued np asgruru atsysnput,| ap anbruysa} jrasuod 


6 SAONNOSSAA LA SANIW “AIDAANA 


SaTQe]eAnoual Saisiau_ ssn 110A 
€£:6 ‘AIV.] & epeueg np uonedronsed 
R] Ins sdUapIoUr “JUsWII]I}UeWap ‘sId19Ua,] ap UOISIAIG 
(OUND) Bpeued np saydsayde.1 ap [euorjeU [Iasuod 


€€:LT ‘Seiquiew ja saitj1qesuodsay 
UIE}9,| BP [EUOIJEUAIZUT [IasSUOD 


SIITATIOV 
—saurjedig epeurajsueiy 4704 ‘epeued np anbruiouoda [rasuo0d 


dp IQeiusay—ais19Ua,] ap [euOTIeU BdJCO ‘adueIIeII 
-SNOS—S2dIA1IS ‘JUSWISUIIANOD 410A *1OSII, Np [lasuod 


CL€Z ‘alTessadeu UOTIe1g[99N9e “‘UIWIeXa ‘SIaIssOg 
9-€b ‘ST:€Z “912 ‘IMapsinoy ‘snssado1d ‘uoneidayye ‘s11paID 


(ONSUD) 
dIUIZ Ud 39 SI][]I.1IN}JEU SIDUdTIIS Ud S9YI1IYIII Vp [IasuoD 


LAWNVD 18810 410A 
8T°€Z ‘a1quiou ‘saiTWI09-snosg 
sulowla] 410A ‘adeusiowa) ‘jueiUassiday 
SI:€7 ‘Se1piqesuodsa 19 synsefqC 
LAWNYD ANs a1}SstuTW Np [eUOTjZeU JIVeI[NSUOD [TasuOD 


[TasuO}— SIAN IV 
—souryadig epeurdsuely 4104 “yUaUINdOp ‘suo1s2aUUOD 


uoneqoidde 
‘sjadpnq ‘saseAoA—oaiTWI0Z) 470, ‘ajo1jad np [eIpuoul saidu0D 


b1:6p ‘uoTIISOd ‘sadulA0Ig 
1-OL:6p ‘woritsod ‘amstulj 
€-7Z ‘€1 ‘8-L6p ‘SUONepueWIWOsaY 
€-Z1-6p “SuOsIeY 
b7-p:6h “EpNig 
y1oddey 
T-O01-6h ‘Seaquiayy 
L-9:6% ‘01-6: ‘912 ‘syuedronsed ‘yng ‘anbrjqnd uoneipnsuo) 
jJUUEZNSUOD a31wWI0D ‘anbij9819ug sduanyuoD 


uoneqoidde ‘syaspnq ‘sadehoj—ai1W0D 
0A ‘Sanbija812ua sBuLYdAI Vp SUOTZNIOS Sez INS adUaIg;UOD 


wore Uasa1g—oa]e1apaj 
ajesgutw anbritjog—xnejaWI 1a XNBIBUTJA| 19SND 410A 
L9b ‘8ST ‘L861 kW OZ 2] “UO “EMENO & anuay 
sa]eAguIU S9A1}I0dS.1ad sa] Ins 9dUd19}u0D 


9-SZ:Z ‘UOISNT]e ‘sUOISSNISIp ‘SauLIeWI-SsNOs sauTW 
JaUl EB] ap }10.1p Np aduasgyu0d 


uolejuaseaig—iioddes ‘ai1]e9s1 4 
—alISNpul ‘sauT] 470A “SAUTJA| SAP SAt}STUIUI Sap 9dUatazUOD 


apuewiap 12 21jJO 
—z]0Neg ‘uones0jdxg—ialoid “qry ‘ayxe7 plod issnD 410A 
sulOWa] 470A “Sadeusiowd) ‘s}uRUasaiday 
C71 “SQHANIOY 

2977] afetiodwy a1atposjed atusedui0D 


epeues)-0118g 
410A ‘dI1IUIWIOD NP $9A1}d1.1}Sa1 Sanbijyv1d sa] ins UOIssTUTUIOD 


Je11U3a10g—Sa]qQe]eAnouel SaIsIBUY 1SSND 410A 
L778 “UOISNITY 
zy10dde.1 
‘(puE}pUNAg) JUZUTIIUUOIAUA,| INS s[eIPUOW UOISsTUTWIOD 


MITADY 
Ajajesg IeITINN OIRIUG 410, *j40ddes ‘areY UOISsIUIUIOD 


81% “eT 
8I:z ‘Inauay ‘zoddes ‘freaes ap adnois ‘satjaimjeu sadinossay 
S1°9€ *6-81:7 ‘awe |goid ‘;Uauasst]TIa1 A, 
S-p1:9¢ ‘adeiuadinod ‘sauoydosuri4y 
Jauuosieg 
9:9p ‘aitjiqeind uy 
LL€7 ‘SE:LT ‘LST 
‘07-61:% ‘JUewaUUOISNy ‘agoys np anbrskyd e] ap uoNdeIIq 
€7:9p ‘SuOstel ‘uOTIINpal ‘sasuadap sap 1e3png 
9:9b 6:7 “07:7 ‘SBTLANIIV 
(999) Bpeues np anbigo0j0e3 uorsstuu0; 
aileajoInu inaiseal ‘QGQNWO 
410A “Epeued Nv alJaIUIBUL,p I1TeUa}UAd NP UOISSTUIWIOD 


€:LI ‘aiqueyy) ev] & 110dde1 ‘uaswexa ‘\a1dep sed uONeUIWION 
PLT -€:p1 “2199p 
Jed uoneurmoual ‘aiqueaw ‘piempy Ayiouny ‘aydaoy 
SINIEUIWEXI, Pp UOISSTUIUIOD 


11:07 “Yepuew 
Sailegjonu saseWWOp Sap suoI}e1eda. Sap UOISSIWIWIOD 


uondnijsuoj—] nvaidaJ—'q-'N ‘neaiday aiu1o0g 

‘UOTILWIOJUJ—dI][Qng—eleajonu sid1euq ‘jafoid ‘astping 
HI] Ua UOTIsNquIOD e alaIpneyd “g-'N ‘WeyieYD msn 0A 
9€ ‘6-8°0b ‘SIIB L 
SUIOWA] 4704 “SadeUusIOUIAi ‘s}Ue}UaSaIday 
6:0P *$211999y 
Pe ‘SI ‘O1:0F ‘WUeWAaNepus,p ONeY 
$:0p “UONINpoig 
8E:0p ‘suondC A8uauq s[NINUI alloway 
8-L0h ‘SUOTxaUUOII01U] 
SLOP ‘UO sedai ‘suonesitiIqowwy 
9-SE:0F ‘BIN eUdIS ‘pr0dde ‘SaqanD-o1pAY 

S-P7-0F ‘S199 

p-7Z:0p ‘ewie|goid ‘sausi] ‘uotsstusues ‘uoNneiueuIsNnYy 
8-LI ‘8:0p ‘SuoNei10dxg 
97 ‘6-8-0 ‘SadINOS ‘aIsI0Ug 
OL:0p ‘e1quiou ‘sakojdurq 
9-ST:0F ‘xtad ‘uoneisoduit ‘911911199]4 
p-€£:0p ‘Slejja ‘suonenisny ‘re]]oq 
01-6 ‘L ‘S:Op ‘Yepuew 1a uONeeID 
8-L:0F ‘Suat[D 
9-S:0p ‘UOdIIOSap ‘sateryuaD 

YyIIMSUNIG-NeIANON Np anbi139a]9 aiB19Uue,p UOISSTUIWIOD 


SAUTJN—UINTULIA) “O86] 
[14Ake OZ NP 1USpIddW—aIea]INU Ina\de—1 ‘|AQqouIIyI] 
‘eYIV—SeallvagjInNu SUTIeWI-snos ‘uONeMO[dxy—aeresjonu 
Inajdeel “FYOdMOTS -vouenyessay—oarlwi]—arleg]onu 
gipiqesuodsay ‘a]O11U0d ‘ai1INdag—sailvajoNu SinaioVay 
‘991g[IDIV UOMLIO1I9}9qQ—3910} ap saqn | —a11eajonu 
gyeuad “UC ‘Bulseyd1g ‘auuIeIs01d ‘juaUassejsIeq 
—alvgjonu 1m3jdees “uC ‘uo Yyd]OY ‘qdN ‘seinsayp 
—9INIIE Ja sydIIYIOY—Ileajonu sid198Uug ‘saw 
‘epeuey np enbrwmoie aigiaugq ‘uorsad ‘saireajonu 
$1949aq ‘1-9 10] ap iafoad ‘saseajonu uonesnsturmpe 
1a BJOIUOD ‘sainsajj—siUspis9y—Saileajonu 
SaTe1UAaD ‘sIWIag—alieajonu 1n919eI1 ‘QQNVD 1SSND 110A 
a1mg—~anbiwi0jze 313.19Ua,| ap 3]0.13U0) ap UOISSIWIUIOD 


SAOUNOSSAY LA SANIW “AIOWANGA 8 


SZ ‘O-SI “S:ZE ‘SepoyieUs ‘UONeIOI]aIWe “AIITIQISTA 
6-87 
‘pl:07 ‘apnia ‘saitjiqissod ‘sinod sap JUaUIAIANODAI “SadTAIIg 
67:ZE ‘QIIWOD 2] ed spuewap 
jueuINdsop ‘uOoTIeN]eAg,p epnia ‘ajjauuoNeiedo ai1Inda¢g 
77-81 ‘6-8:LP 
‘T-O€ ‘OL:ZE ‘SUONepueWIWOdaI 19 UOTIISOd ‘110dde1 
‘(aIv}Y UOISSIMIWIOD) MalAdY Alajyesg vajINN O1IeIUO 
p-ECEp “Sap xnvsanon 
G-p7:7E “WeIa1 ‘saduediy] 
1-0Z:ZF ‘e11w0D 2] 1ed spuewep juseuIns0g 
S-p1:ZE ‘UOsIe1ed Wd ‘2101109 ap UOISSTUIWOD ‘stus)-S181g 
Or ‘O€-8ZEh *9-ST ‘8 ‘9-p:ZE *L-9:07 ‘UONdI419Saq 
OI-@€ 
‘uontsod ‘anbrwioje a1819U9,| ap eTeuONeUIajul aduady 
saitjiqesuodsay 
SUIOWI] 410A ‘SadeUsIOWIA) ‘sjURUaSsaIday 
8-LI “L:07 “UOISIADY 
L-97:7€ ‘seo ‘suondwexgq 
OI-6:Z¢ ‘Suoissnosadai ‘¢g-9 
LZ ‘6-81:ZE 938 ‘QUUOINOZ ke] ap sajaId0s ‘uOnedT|ddy 
sjudWa[say 
8-707 “912 ‘saittiqesuodsa1 
‘uondi1osep ‘auweisoid ‘anbnewesy) sys1ays0y 
OZ:Lp ‘BISsadeu ‘UauTexe ‘91107 
€-ZI:]T ‘januue y0oddey 
0€-62 ‘9-S:07 ‘sanbuisnieis 
IZ:Lb *Z-1 Pb “Sb “€-LEEP “1-07 ‘p1Ze ‘eouesyyNsU] 
pl ‘9-S:7¢ ‘anbisz03stH 
0€-6Z:07 ‘UOIsseidw0D 
8-LE ‘PEE ‘y1:ZE *1-0€207 ‘AQTeYNOs uoNeiueMsNY 
yauuosiag 
9:07 ‘L861-9861 Inod uonepnua, 
9-€7Z ‘1-07 *8-LI:07 “snssad01g 
L-91:07 “SUOTSIAIIg 
OS ‘6Z:Eph “UOTIISOdurT ‘s}101q 
0€:0Z ‘eouasqe ‘sanbijqnd sasuatpny 
SURIAT[IP ‘SIWIad 
p:Z ‘aiquieyy ev] e& woddey 
Ol:] ‘uawexg 
yo1dap ied uoNeUTWON 
S:Lp ‘gupiqeindwy] 
Zhep ‘UOTIeJUaWIsNe 
‘sasuadap sap ia8pnq ‘awueis0id ‘indde ‘saiueiey 
OL:] ‘ye10ep zed uoneurwou ‘siqwaw “yy 1aqoy ‘UapjoArey 
1e€p ‘Sausajul suoenyeag 
6-81 ‘ZI:ZE ‘auyiqissod ‘yuawesanosay 
6-8 ‘S:ZE “JUeWIAUUONIDUO 
synoy 
L-9Z:07 ‘SUOTIUAAQNS ja suOTINqIUO_D 
€-[ 1:07 ‘SuonepueUMOdal ‘saitejUaa]s01 
$21x9] SaIjNe 1a SjUaWIaTse1 Sap JUaUeUIEd 9}xIW 911WI0D 
8-LULb ‘S-p:ZE ‘UOTIsodwod ‘uoNeISsTUIWIpPe, p [IasuoD 
SINULILD) IUUONUIWSNS 3411] 3] SNOS 1SSND 110A 
aimg—sesuadap sap 1a8png 


ajmmg—anbruio0ze 313.19U9,| 8p 3[0.1}U0d ap UOISSILIWIOD 


9:7E ‘UOTETNUAA 
ZL:ZE ‘Sa91nN0S 
IZ:Lb ‘8€ ‘ZEEP 6-87 “1-07 ‘T1-7E ‘eouesyynsuy 
Sh€ ‘Sgst[yNUl spuoj 
LE “be ‘O€-67:Eh ‘UONRIUaUsNY 

sasuadep sap 1e38png 

0S-8r€p ‘ai1]TGQIssod ‘1uawadueUOINYy 

(WAOD) enbrwojze 913.19uU9,| ap 3[0.13U09 ap UOIssIMUIOD 


IdJJO—SaAlasay—zes 19 sfOllag ‘elaqiy 
410A *Sanbi}93.19Ua $ad.1NOSsa.1 SIP UOIJAIISUOD ap UOISSIUIIOD 


LAWNVD 410A ‘Nag UOIssturUIOD 


€7:8 ‘UOISNITY 
Ja31ag UOISSTUWIOZ 


uontsodw09 ‘uoniessIulWIpe, p [lIasuoj—aenbiu0je 
91B1IUI,| BP I]OIIUOS ap UOISSTWIWIOD 410, ‘SaiITe}UIWII[ZII 
$2}X9} Sa1jNe 39 S}UaUIa[3a1 Sap JUUEULIEd 3}xIWI 9z1WIOD 


plLp ‘uorsnitTy 
(NIAD) eareayonu 93148a,ur,| ap uawrexa,p 93109 


suorssndiaday—ounjq aaqrT ‘ayeosy 
PUIOJIY 420A “Sanbrwouoss saiiejje sap 39 sadueUYy Sap a}1WI0D 


PION anbnuepiy,| ap 
aeI NP uOTesIURsIO 470, ‘ajorjad Np uoTedytuE] ap a31WI0D 


UOTICIPRIIM “SJUdUTITY 
410A *SUOI}BI0d10_ Sap ja UOI}EUIWIOSUOD FE] ap a3z1WIOD 


81 ‘OL:€7 ‘UOTestuRs10ay 
aId.in][e}aW 
Bl 49 IIQIUIUW BYIIIYIIA LE] ANS [BUOTIEU JIVeI[NSUOD 931WI0D 


TE:S]T “9a “Yepueu ‘uoTeaID 
XNBIQUIU SIP IUIYD-EpeUey JI}Ze}[NSUOD 931UI0Z 


sWUIeIs01g 
—uatlanugq—euraists ‘sautjadig—sauryadig epeuejsuely 
1odaq—i10ddes ‘ai1yeds1.jJ—ealisnpul ‘saul 
‘SawWWeIdOId sap UaUIeXxa,| ap adieYyd [IeAeI) ap adnois 
Np suonepuewwodseal 14—2]e1apeaj ajessuIw anbry1]0g 
—xne19W 139 xNeIBUT|Y ‘S1UeINGIej—Sa]qejaanouas 
saisiaug ‘siuawns0q—ueurexgq—iaisap ied suoneulwioN 
“ —eanwry ‘epeued np anbrwoe aigiauq odaq 
—sadInosey jo 1aquieyyD eiiaqiy,] red asodoid yuaumnsop 
‘latuIW JUaWaddojaAeap ap p10dIIW—k1IAQ[Y 18SND 410A 
P:6E ‘886l Tew p Ne ,7 Np ‘uoisog 18 (Dd) uoIsuTYyse AM 
L‘S:SZ 
‘aid1aug,] INS UaIpeued winisoduIAS BUWIAIXIP ‘aANIN-3119], 
>:6€ ‘8861 
[I1Ae /] Ne g np ‘adue14 12 1sanQ,| ep susewally ‘apens 


‘QHISIA ‘SA110}LIOQR] ‘ad1WI] ‘epeueD np snbiwioie ais1auq 
€:Z ‘ajoned np jetipuow seigu07 
67 
‘sanbniasiaua adueysai ap SUOIINIOS Sa] Ins adUaIayUO; 
€:6€ ‘8861 
SIVUI ,,] 9] ‘SaiTeI]INU SaiTOJeIOgL] “UO ‘IBATY AeYD 
p-£:6€ “8861 SreW 
€Z Ne OZ NP “UO ‘UOIWAAL] 19 adplaquiey ‘esnessiss1j 
‘eme}eg ‘YsNo10Q19}0g ap Saiteayonu sayenuay 
uorjegoidde ‘sya8pnq ‘saseho, 
aTWIOD Np xneael1y] Om 0A “xNeARI] 
F1MS— 2710) 


L SHOUNOSSAa LA SANIW “AIOWANA 


pL] ‘taunafap ‘Aruay ‘1aynyos 
L:] ‘Wuawesinoquias ‘inofas ap 1a yuaWade|dap ap siv14 
pig ‘Sauryadig epeuejsuely 
pe ‘pil ‘SedInosay epeueDy ooexa |, 
EE] “OU] epeuey Np aleyjos a1d19Ua,p 919190 
EE] ‘epeued jo uonerossy sradojaaaq pur s10idadsoig 
$:SZ ‘epeue)-O1eg 
pg ‘seuwTT ‘epeued) np anbrwoie aid10uq 
pe ‘a1gisIUTU ‘sadInossay 12 SauIW ‘a1d10Ug 
9-Sc 
‘p61 -b:L1 ‘pleuopoeyy PAeMOPY “pry uUnsoneg awoqg 
€:L ‘AUUaIPeURd dIgIUUOGIeYS UOTIeIDOSSV 
9-ST ‘p61 “PLT 
‘Koes uog “piy Auedwio9 winajoiag epeueg osowmy 
96:9 “1a ‘uOTIeDOAUOD ‘UOTINIedWI0D 
suIOWwd | 
8-L:T “auyanut 
‘uoljealo ‘ainpasoid e] ap 19 awweids0id np 911WI09-snog 
L:'6Z ‘8-S:1 ‘UOTIeSTURTIO, p S2dULIS 
L-91 
‘unionb ap aduasqe,]| ua sadeudiows} Sep uorlipne 14 
Ol:Sp ‘anual 
€:07 ‘aiquieyD ke] e 110ddey 
EOP ‘E1T-8P “b-ELP 
“P-E:TP “b-E-6€ *S:67 -S-b:97 -6-S:ST *b:07 
POT PLT Sibl EET “E2L 7-179 +E S27 p21 “SOTD siIny Y 
saoueas 
C7ET ‘F19U 
Tp iS:p] ‘SadAsas ‘aw1y ‘saivisossy Avia ureq 
Q:] ‘UOTIONpuoda ‘1e11U0D 
saistyd1ayIey 
€:9€ ‘p:g “Jueg|ddng 
L:6Z {S:] ‘wolsdeye “Wuapiseid-adIA 1g 
{UepIseid 
OT:8T ‘s398[GO 
6:9p :L:1 ‘ajored ap sdway, 
EE *€:67 “SINITISgng 
€:67 21ST] 
EL:ET (87:6 ‘2oueasqe ‘uontsoddg,| aq 
saiqwMay\] 
€€:67 ‘SUOISN[IUOD ja 
apnia ‘anbrwioje 31319U9,] ap 9]01}U0S ap UOISSIWIWIOD) 
‘O86 [IIAP QZ NP juaprooe ‘aleajInu 1najdee1 ‘|Aqouays | 
81:61 “Se ‘saitersyaueq 
‘UONE[NUIA ‘UOTIRSTINN “$ SUOT][TUI (C6 ‘sesuadap 
sap 1a8pnq ‘awureizoid ‘juawadeInosua ‘1at{O1Jad IM919a¢ 
Te-Sp 
‘s1N09d ‘ad10} ap Saqn) ‘aitesjINU VyeIIUAdD “1UQO ‘“sULIdyxIIq 
87:6] ‘adeiuasinod 
‘guuaipeued aiatidoid ‘sajaid0s ‘alisnpul ‘ajorag 
97-11 
‘QIAINS BP JUIWINIISUI INaT[IawW UN :uoNDsSyDUOTDU 
anb 101njd uoyndion4dg 9{NINUI 21xa} ‘TURWIE A 
8E:6 “JUaWasUeYS 
‘suas ‘O11ejuQ,] & 92qQeNDH Np aurj-adid ‘y20dsue1y 
301184 
91:Sz ‘pns np anbrayy,] & a1UaA ‘a1yNoOs ‘epeurD-O1I19g 
aan | 
“Q1a ‘SJEPUPW Sap doINp ‘saininj SadUvIeA ‘saIquIaw 
‘UONRIISTUTUIPe, p [TasuOd ‘aId19Ug,] ap [PUOTIEU BdJO 
a7mg—sapueulap Ss} usWaUsIasUal ja S}UaUINIOGg 
911N§ —9PUIOT) 


IL:S€ ‘se1qiqesuodsar ‘Joyvq ‘auureis01d 
‘jUdWASse[Sap ‘dlIeajINU Ina}deaI “UG ‘UuoIYydlOY ‘GdN 
77ST ‘e1qwiou ‘sio;dwia ‘aimjsnput ‘sautpy ~ 
OZ:L] ‘suotstagid 
‘jauuosiad ‘auuiers01d ‘31191 B] ap SaduaIdS 19 xNeIIUIP 
O€:p] “SadInossay sap 1a SaUTJ Sap ‘a1s19Ug, | 
ap d1IISIUIW Np UOTIeI{NSUOD ‘]QDV,] ep UOTINGIMU09 
‘uoTIINSUOdaI ‘sanbisin{[eViauI SauIsn ‘anbrxayy 
O€:6T ‘Sewuems01d 
‘spud ‘uone}19NUI,p Siuawiated ‘uotsuedxa ‘sayoiew ‘zen 
T-TEEE ‘UOTILIDAIe ‘spuoj} ‘juauaddoyanap 1a ays19ayI0y 
S1:07 ‘83119sa1d 
ai] B] JUeSSedap suOTIIpe Sap e sasodxa sakojdurq 
atjsnpul ‘airegyonu s1g18uq 
6b] ‘Wuawepual © 
12 aINjONAIs ‘sa}1WITT ‘epeueDy np anbriwioie sisg18uq 
SZ:LI iS¢:st ‘sasuadap sap 108png — 
b€ ‘Opp ‘SUOTSIAZId ‘uOTINUTWIp ‘sinod ‘uONeNSTUIWIpY 
AIVISIUIW “SadINOSsSay 19 SAUT ‘a1s10ug 
T-0€-SP 
‘sJnOd ‘UOTIINIISUOD ‘aITeaTINU aTeIIUad “JUG ‘UOWUTTIeEG 
9@ ‘8-LT:@ ‘sasuadap sap iaspnq 
‘g]eUOTILUIIIUI BduUeISISSe,] Inod epeued)-O110g UOTeIOd107 
67:7E ‘UONeNTeAI,p apnie ‘ajjauuoneiado ai1INIda¢S 
1-07-7€ 
‘SUOTIEPUPWIWIOSII 13 UOTIISOd ‘(aIe}y UOTSSTUTIOD) 
MaIAay Alajes eajINN OeIUG ‘saitjiqesuodsay 
anbiwo}e 31d19U9,] IP 3JO1}UOD op UOISSIUIUIOD) 
61:67 ‘$NOD ‘UOTIINAISUOD ‘saiTeayINU SaTes}Ua7) 
p-€Z:0€ ‘Sa]}Qpow ‘aireayInu imaje—81 ‘QGQNVD 
sopueWeap SluauaUdIasUuaI 1a SlUdUINDOGq 
tSb ‘Lipe *6:SZ ‘Npuai aidwiod ne uortxauure ‘sjuauINnd0q 
ainpsdsoid eB] ap 1a swIWeIsOId Np aji1WI0d-snoS 
QUUONUIWUISNOS 2474] 2] SNOS 1OIN]d 410A *INA\DAIIP a}1WIOD 
SIdVAOA AUUONUIWSNS 34]1] 3] SNOS 1SSND 410A 
€:6€ ‘6861-8861 
€-€T “8861-861 
uonegoidde ‘sja3png 
g71W0) 


€€:pT ‘alteajonu ayeiUuss “g-"N ‘neaidaqy aju10g 
Ppl ‘uoneso0jdxa ‘ray 
br ‘p-€ El 
‘8861-L861 Tediouiid ia8pnq ‘sadinossay 1a sauTp ‘atsiaug 
E€cp] ‘a1s10ug 
(AON 159M YINOS—Dq) pyesey ‘neauiog 
PEERS 
‘epeut)-o1eg red pair] Asisuq pue[punojman e a1U0, 
alJauyyes “\-" | ‘aaueyd-Aq-aw0;D 


Qv:S1 “G-N ‘Arnqsaymey 10g & uoTesTNA 
: 07:9r “LZ:S1 ‘suorsio9e1g 
31d0]0UY Ia] 
‘d-N ‘WRyIeYD 410, “aserpneyD 
LU§] ‘2dUapioul “uUOTINpal ‘suOIssIwe ‘xnainj[ns apipAyuy 
aSIPINy 11] ua voHsnqui0) 
"q-"g-"] ‘umole O[IeYD 
410A *jafoad ‘uoje}UaMye ‘nes-uogseYyd ajqusnquiod 


TE:Tp ‘Sanoyye 
Spuoj ‘s}UsWaseINOSUA,p IUIWILIZOId ‘satMOUOdA ‘9119111991q 
anbruue}ziig-atquiojo, 


SHOuNOSsaAy LA SANIW “AIONANG g 


6-91:Z1 “UoneNiTS 
1-02:Z71 “ellessacgu 1e]9q 
IL:LZ ‘Sadeiueae ‘gues yuawiastnda nod uondnpaq 
UOTIINIISUOD ‘UOTILSIIOTLA ap auIsy) 
LU6b ‘0Z-61:Z1 ‘seseyd ‘ued ‘agry eyerseduy 
aiatjoned atuseduio05D e] red anayea ua astu ya uONe10]dxq 
yafoad “qry ‘axeT Pod 
919190S ‘apnadUAS 470A ‘ayOD 


bp ‘6Z:b] ‘uonedrionied ‘epeueaj-onag 
yafoad “q-"N “yasseyoD 


aja ered 
uoneigues no aaalid aidiauq 107N]Jd 110A “UOTJe19UIZOD 


epeues Np saydiaydal ap JeuotieU [IasuoD 4704 “DUNO 


au1y ‘saie1sossy Ae[D ueaq mssnD 110A 
Tp-8E-€1 *S-LE:Z1 -€-1E TT -L-PE6 
‘ZE-8TZB tL-p€ ‘T1:§ ‘apie ‘sadinossal 1a Sadrasal ‘ajomad 
IL:] ‘Je19ep sed uoNeUIWoOU ‘aId19U9,] ap [eUOTIeU BDO 
6:] ‘a19ep red suoneuIMmO0N 
Ob:€T -O€-LZ ‘ST:91 “Apnig ‘alaisnpul ‘saul 
tr ‘6-8E 
‘OE “O:Lb *ZE ‘OE-67 ‘IZ ‘Pl ‘O°Th ‘1 b-6E-1h “ZZ ‘07-610 
‘p-OP:6E *OS-9 ‘S-PE “P-7Z ‘OL‘BE *8-LEPE -9-PE:€€ 
‘8-97:ZE ‘S-pC:67 ‘UaUexa ‘anbiwoUods ‘arIegjonu aisiauq 
6-9T:9€ ‘61:SE ‘8861-2861 e11e}UeUIg|ddns iaspng 
9-SE “€-O€:Sh -OS-7b *L-STZ “E7Eb “6861-8861 
8-S7-PZ *9-€T7:7T “b-7Z:AT “O€-8707 -OT-FI “8861-L861 
yedrourid jaspng 
sadInossay 12 SaUT ‘aId19Uq 
Ol:] ‘uaurexe ‘a1dap ied ’ 
UuOTILUIWIOU ‘anbrwi0je 31319U9,] AP 3]011U0D Bp UOISSIWIWIOD 
(ayd13ay4d01 ap aydeiie) ueaq ‘kRID 


7Z ‘OT ph ‘AQISTUTUL ‘SadINOSsSaY 1a SAUTIY ‘atd10ug 
€-O7: bP 
‘6861-8861 [edtoutad 1a3pnq ‘sadinossay 1a sauT| ‘a1s18Uq 
€Tpp ‘VuruTeIZO0Id ‘saatjyIps19908 suonoy 
(aIN{NIISY,] ap sstulw 
Np alrejueurayied a11ej9I19as ‘stIno¢—uopurlg—)qd) 397] ‘yARID 


sa]Jatjuaiod sadinos 
—sjuawauuorstaoidde ‘ajoiag ‘aiisnpui ‘uo1msadsoid 
‘xNe}IW 19 XNCIBUTJ ‘JIILI[|NSUOD 911WIOD 4704 “aUTYyD 


Cr€Z ‘epnie ‘alsisnpul “saul 
(‘dul UOTeIDOSSY BUTUT| URMIYDIeYses) ydjey ‘ueusaayD 


UOTILSI[A—elle]Os a1d13aUq 
—sa]qeaanoual saiZiaugq ‘ailoedyJq—eio11da[q 19ND 110A 
6:1p ‘a8e1ua.In0d ‘a]jatzisnput aid18uq 
aseyney) 
1-07:9p ‘aTeId1aWIWIOS INIsyTeA 
p-Z1°9p ‘1-O1'ST ‘UOneNIIS 
S-P1:9p ‘suoissnoiaday 
9:0 ‘uonedisn1ed 
‘sadinossay Sap 19 Saul Sap ‘a1d10Uq,] ap d1oiSsTUIW 
32 YDIMSUNIG-NeaANON Np anbis}9a]a a1Z1eua,p UOIssTWIWIOD 
yafoid ‘astpiny 31] Ua UOTIZSNqWOD & aigIPNeYD “g- NN ‘weYyZeYD 


1-0Z:9p “ATeID1awWIWIOD INayeA 
amg—" a}qusnquios “q-"q-"] ‘UM03a}}0] 184 


b-71:9p “UOHeNIIS 
C-r1:9p ‘Suorssnoiaday 
yofoid ‘nvs-u0gieyd 31qusnquios “q-d-] ‘UM0ja33;0; 184) 


InajeA—uiniuriy 
SUBMIYIIEYSES ‘SadInOgS—aI1d1119a1q ‘a]qusnquio0s 
eid | ‘UMOIA}IO[IeYD (ne sayenuay ‘eiaqry 1SSND 410A 
PCT -€-ZLST *L-97:Z “I IGQIssog 
Or-6€-€7 ‘SPITNIYZIP ‘uATNed OD 
Q-S1:9p ‘A1AN90 Usa asi ‘suOTIepUueWUWIODaI ‘j10ddey 
b-€1:O -P-E1T:ST “922 “B]O1 “WONLII9 “BATIETITUL,P 9ITWIOD 
Ol1e1UO Ua EpeuULyD Np isang,] ep o0dsues1] 
C-tl ‘ZI:S] ‘suostes ‘31193 
RB] Bp SIdUaIOS Sap 12 xNeIIUIW Sap sWIWeIZOId Ne Jajsuel] 
61-01 ‘eapnie ‘sadinossay 
8-97:9p ‘JUdWIAdeSUA ‘sadINOSsay Sap 19 SAU Sap 
‘aid19Uq,] ap ssaisturw ‘yuawaddoyanap 1a aydIayIeYy 
J 6€:€7 ‘8101 “UaWIaUIAANOS ‘uOTIOWIOIg 
CCT ‘AININSU] 
juaudojaaaq [eoD [euoNeusaiuy red asnjjip 110ddei ‘x11g 
SIU()-S181q 410A “SOUT 
9L:9p ‘uoNnTod ‘aiusrq 
€L:S] ‘Sainoujip ‘uoder a] dav SuONeID08auU ‘alNsnpuU] 
8'Sp ‘iT[IGQISsod ‘aduai1INdUOD ‘aITeg]INU sI1d10Uq 
uoqiey) 
Ip:g¢ ‘xnoust] snptsez ap ansed e uondnpoad ‘ai1oInde1q 
anbi339a]29 af[¥.13U32 “4UuO ‘neajdey) 


STO1 ‘epnie ‘sadinossai ‘uogqieyD 
(auuaIpeues as1gIuUOgIeYS UOTIVIDOSSY’) 33.10AD ‘jadeyD 


uo1sad ‘sairvajoInu siaysaq 
suonjeqoidde ‘sjaspnq ‘sadehoAjA—a}IWI0D 4104 *3UC ‘JOATY yJeYD 


epeuey np anbiso0[0ad UOISSIUIWIOD 4104 “QHD 
SI[QR[aANOUA SaIs1IBU 470, ‘Sapeatad 


d][aNUeaINdUOD 
UON—2Yd194daY—ALIISN pul ‘sau 470A *9dUa][Idxe,p Sa.1yUa_ 


uoTieaId ‘aduaT]adxa, p 
$311U39 ‘a][aNUaIINIUOD UON—2eYd194I9yY—LNISNpul 
‘SOUT 410A “A1QIUIW UOIZEWONE,p 33 anb130qg0.1 ap a.1juad 


€-7Z:07 ‘UONeNdeAQ ‘saltes]INU S1ayIeq 
URW ‘[]9YSazTY AA ‘AiTeapINU VYyd194IeI ap a1quad 


UONLII ‘89U9][99x9, pp $21]Udd ‘a]]aI1UaIINIUOD UON 
—oyd1aysay—arlisnput ‘saul 4704 ‘anbruesawoas ap a1juad 


SE:LT ‘1wiol[pe azisiutu-snog ‘a}qesuodsay 
U01339}9Pa]a} ap UaIpeUedD a.1jUad 


LAWNV)D 19™m/d 410A ‘(LAWNYO) 
913.19U9,| IP Ja XNVIIUIUI SIP 3130[OUYII} BE] AP UIIPpeULD a.1j.UaD 


OlIEIUQ-OIPAH 2S8ND 110A 
8-LI:LE ‘211]1GQIssod ‘uoneyyeisut ‘sinajeindg 
sanbrui.iay} saye.13uad 


‘q-"N ‘neaiday aju10g 
quo ‘Bursaysig 10ddey—(arey uoIsstuwi0)) MaIAaY 
Ajayeg IesjINN O1IeIUG ‘o1IeIUG SYdIMSUNIG-neaAnoN 

‘aayUD UIDPFh <INH ‘A][WUeD ‘uonseasd ‘saitegjonu 
sjayseq {1uCO ‘uo uTTIeG ‘3qJ—uUOQgIeYD ne saye1juay 
-jUQO ‘INIg 1q—uUOqIeYS nv SayejUa)—PlIaqly 1SSND 410A 
37NG—SaAleajINu $ajv.1jzUuad 


SADNNOSSAY LA SANIW “AIOUANA 


8-9E:LP *b-E1:LE “9dANdDa¢G 
pZ:p ‘satqesuodsay 
OL-6:Lb ‘Sepnia ‘aiues ap ieia ‘salueurstoAe suoneindog 
SE:Lp ‘SuOTepueWMIWOSAI ‘jUaWIaNe|dWIq 
C167 ‘ajetorawuwI09 uOTION pod ‘a11911199Tq 
EZ:ZE ‘AIA ap ag1nq 
uoljonsu07d 
12 S\UAPIIIY BUUOTUIAWISNS 3411] a] SNOS 1SSND 110A 
Z-11 ‘6:ZE “SINOD 
1-07 “6:6€ *b-E7*PE ‘1-07-67 “P91ATAS Ua aSTU 32 SILTIG 
61-67% ‘91TWI0D a] Jed sapuewap sjuaWAUSIaSUaI ‘sINDD 
uononiysu07 
ET:Lp ‘auissaseu ‘auruesis01d ‘ai1;enb-adueinssy 
8-Lrer ‘2101 ‘WDD ‘uonesyrueyd ‘aduedin, p sainsayy 
ZE-6Z:Lb (012 ‘sisoddes ‘sat08aie9 ‘sajdwaxg 
9-ST:6Z ‘SINOD 
s1uapIs0V 
SaiteapINuU Saye.1jzUad 


o1leiug 470, *senbi143a]9-o1pAy saye.1zuad 
uo ‘neajdeyD 410, ‘sanbi133a]9 saye.1juad 


SIU()-S181q ‘e1Ieq]V 1ssnD 410A 
1€:6Z ‘Olle1uQ-opAYy ed sauitisa sinod ‘uonnyjod-nue annq 
Ze ‘S-€Z ‘E-11:7p ‘Saseiuear 19 
uondtiosep ‘(2918931 UOTIeIIgZeS ap sUIqUIOD a[9A9) DOO] 
17:@p ‘NAV.I1 eP 
12 FIV.] ap epmia ‘uosteredwod ‘sinod ‘saitegjonu sajesjuad 1q 
1-0€:67 ‘epotsad ‘yuauasstii0We ‘zed Ne 1g 
P-ETTp “UOTICST[EIIIBUIWIOS 
2 jutod ne ast ‘uonei0d10D sang eipy-suely 
b7Z ‘L-bl ‘1 1:zp “O12 ‘sadeiueae ‘uondi19seq 
(ZOS Ua 19 XOS Ud ‘XON Ud Inaua} a]qQIeF &) SNT Inapn4g 
uogieyd ne sajeajuag 


YOIMSUNIG-NeIANON 470, *S1Og Ne Saje.1}Ua_ 

adwWT] ‘epeuey np snbrwoie aidi0ug 410A “£ OUTT £a4SaTIaD 
JITeITINU 9111391Ul,| ap UIWIeXa,P 9WOD 470A ‘"NIAD 
anbiwioje a1819U9,] 8p 3[O1UOD ap UOISSIUIWIOD 4704 “WAOO 


QI ‘Z-11 ‘S-p9€ ‘8861-L861 eATeUauatddns iaspng 
QZ ‘b-€Z ‘b-El br ‘6861-8861 [edroutid yaspng 
sadinossay je Saul] ‘aId19Ugq 
(sadinossay sap ; 
Ja Saul Sep ‘a138.19U4,] ap a1aistuIuW1) Yar ‘sadyNAIVD 


saduvAapay—ls19ua,] IP [BUONLU Ad1JO 189ND 410A 
€-ZZ:L ‘Suoistagid ‘saTjaanou saii]1qIssog 
syueinqgied 
WIN] —eslegjonu Inayoeel “QQNV) 470A “pl-auoqieD 
IT:ST 
‘auipiqesuodsai ‘uojaig-dey np juawaddojaaap ap 919190¢ 
€1-9p 
‘TL:g] ‘uouediosed ‘asaisturw ‘sadinossay 12 seuT ‘atd10ug 
yafoad ‘jasoqued 


Or-8E:€7 “apnie ‘alsisnpul ‘saul 


6-81 ‘OI ‘€-O1:OI ‘epnie ‘sadinossai ‘uogieyD 
(quuUaIpeues a1gtUUOgIeYS UOTIeIDOSsSY) OWOSEID ‘oduLIgodeD 


IUUIT[O9 d1d1BUG—Sa]Qejaanouail Sais1eu_ 410A ‘and ‘yeyD-deg 


SaINsaul ‘UOTJRIOIIWIe 
‘ase]dAda1 ‘snpisas 1a uOTIeII0]dx~a ‘aInatiayur aiijenb ap 
SICIDUI—xXNejIW 19 xNvIIUT| ‘apedoid ‘asenbess01pAyy 
‘OIISIUIW NP [BUOTJEU JILI[NSUOD [IaSUOD 1SSND 410A 
Lv ‘87 ‘9-P1-€7 *8°ST 07:7 “2108 
Il ‘L'9b -8b:€Z *8:ST “91a ‘UOTIeST[eI]Ua0Ep ‘UONeINIsNIISIy 
LUEZ “1 7:% ‘UOT esHeAIIg 
17:7 ‘UONeUIUIT[S ‘aYydIaYyIeI Aap JaUUOSIIg 
Z-17:7 ‘uontsod ‘juaurauraanoy 
1Z:Z ‘uooN peal “jUusWIad.UeUI 
LU-€Z “WUeWaIANODaI ‘sindD 
suolepuewwodseal 
10ddei ‘j1reaes, ap adnoiz ‘sayjammieu sadinossay 
OT:€Z “e]O1 ‘alzsnput ‘saul 
L-9P:€Z ‘sounsey] 
Lr ‘O1-€Z 
[01 “LAINNV)O IANS aijsturwM Np [euoTeuU jJrneipNsuod [lasuoD 
81-€7 
‘UOTILIOI[IWIL ‘S9UIIDUOD $1Na19aS Sa] JBAR SUOTIPITUNWIWOD 
8-LL-€Z ‘SUONepueUIWOdaI ‘yNIg UOISsTUIWIOD 
LU€Z “WAKA ‘aI}9] “UO ‘ayxeT IOI]. P guyedisrunp 
Z-17:9p “SBUANISY 
(91310u9,] ap 
19 XNEIQUIW Sap IIdO[OUYIa} L] Bp UaIpeued 911U9D) LAWNVWO 


ainbin] ‘anbrxayy ‘ais10ugq 
—Aueduio) I11}9a1q ee10y ‘o1seiuQ-o1pAp 1ssnv 110A 
6-8Z:Lh ‘}U9I919J909 ‘Jrisod aprp 
1-Ob “L7:Lb ‘Z-1E-pe ‘QATNed WOd ‘epeurD 
O€-67PE “AOI ‘QUUATpPeUeD aileajonuU UOTIeIDOSSY 
Sa1ua, 
€-ZE:Lp ‘2dueUsaoid ‘pl -auogied 19 WNT, 
878E *8-L1:ZE *11°67 ‘gitaNda¢ 
67°8E *S7-bE 1-O1-0€ -1-01°67 ‘TeIpuow iusuapusy 
8-LZLp ‘suostes ‘uonesedas ‘inaje1apow ja 1UeIEsIaY 
8-L7-PE ‘SeInsaw ‘uoNedyIpow ‘uotuido ‘o1jqng 
878E °6:67 ‘UOTIENIIS 1a Sjda[go ‘auIuIeISO1g 
67EP ‘WAOD PB] ed uawexa ‘suoneiuasaid ‘sairepnin ‘stw4ag 
b-€T:0€E ‘9ITWOD 23] 1ed sgpuewap sjuewaustasual ‘sajapoyW 
Li-pe ‘UOTIeSTUeSIO ‘«QGNVD ap Saiteyatidoid sap adnoi3 aq» 
Eb:Ep ‘SPI[NIYJIp ‘saueszey 
Z-1Z:0€ ‘a1]1qQ1ssod ‘jyuaurasstydismus ‘UINTIUeIA 
€-7€:67 ‘UOHeSI[N ‘apinoy neg 
quaWeUUO0TIIUOA 
PL0€ *S-P€ ‘67:67 ‘2DU2IINIUOD ‘arTeUIPIO Nea e auaisAS 1q 
*QTZ:8E ‘ADULT[IAAINS 1a BTO.1UOd ‘U0TI9a}01d ET 
LI-pE ‘Quuatpeues 
ailegjINU UONeIDOSSY,] ed anua} sdUaIsJUOD ‘UaTIaIIUG 
Z-11°0€ ‘a1Q4 ‘agirwry ‘epeued np enbrwore aisiauq 
Z1-0€ “e21NG 
6-LE “€£-67 “OL-8E “UOHeNTeag 
87:67 ‘29UIJ BP] AP xnad dane uoOsTeIedw0D 
sinog 
Sp ‘UOT}ISOd 
‘epeuey Nv aliaugsul,| ap a11eua}Uad Np UOISSIUIWIOD 
C€:67 ‘WUaWaIIeIjaI ‘astnda ajqusnqui0oy) 
S-P1:0€ ‘gi9edeD 
9-ST:0€ ‘1naidey ‘anbis0gyi a81eYyd ‘009 NGNVO 
ajmg—aAlegjonu m933dee1 ‘AGQNVO 


SAOUNNOSSAY LA SANIW ‘AIONNANA p 


9-SZbE ‘p1:0E ‘SuOSTeI ‘UIOd ne asIj 
1E:Sp ‘UsWa.UeUY “JUsWIaUIBANOH 
2-1: Lb -O1-8:Sb *L7-0€ ‘IuaAy 
00€ NGNVO 
aitegjonu 1n3zdve1 ‘AGNVO 


Z-0S ‘9-bb ‘Zr ‘6-8E ‘€E:9 ‘epnye ‘sadinossal 19 SaArJASI1 ‘8]O119d 
(sourjedig epeueysuely) wir ‘uo1ameD 
LE€-SZ “€7-LI“b °L861-9861 
aireyuawgtddns jaspnq ‘sadinossay 12 sauTW ‘arsiauq 
(sauwry ‘epeueD np anbrwoje arsi9uq) ‘q ‘uor1suIeD 


saje1juat—uonegoidde ‘sja8pnq 
‘sadeAOA—O]WIOD 410A ‘dllegpINU 9]v.13U9d “jUO ‘aspliquieD 


€:7p ‘uawexea ‘anbiwouode ‘alleajonu sI1d1aug 
(samnaii9ixe saileyyy Sap o1gisturw) ueAig ‘uozIng 


uonen]eAq—sawiWie1301g—d13139U9, | 
ap [euoneuU aBjO 10, ‘[e1gUas Ina[O.1j}U0D Np nesing 


s}INpo1g—sa]qejeanoudal Sais13ugq 
MOA ‘d1819U9,] Ins juawaddojaaep ap 39 aYyd1aYyIeI ap nvaing 


yroddes ‘juaWMIaUUOIIAUA, | 
Ins aeIpuow uUOISsSIWWOD 4710, *y10dde. ‘pueljpunig 


uOgIeYD Ne sayesjUay 4104 ‘SN‘T Anapnag 


L-9O€:Lp “‘UOTIesTUIapow ‘auTaisAS ‘a}1INda¢g 
EL:ZE ‘aoueinsse ‘aiteajyonu aiI]1qesuodsay 
dATBIJINU If[e.1}UId “UC ‘aonN.Ig 


€:Zp ‘uautexa ‘anbiwuiouodsg ‘aliegjonu atsiaug 
(saimoatiaixea Saliejjyy Sap s1eisturul) UYOr ‘juaqpRoig 
€-LT:L1 ‘77'S 
‘8861-L861 Tedioutid 1a8pnq ‘sadinossay 1a saul ‘ais19Ug 


(sadinossay sap 
32 SAUT| Sap ‘d13139Uq,] Bp BVISTUIW) YIey ‘1amai1g 


ZZ:ZE ‘8104 ‘WAI ‘Ueptoce ‘sasregjonu siayseq 
[is9ag 


apuewiap ‘suonueaqns—oauumeis0id 
‘yuawaseinosua ‘1a1jONad Inaisag 4710, ‘SalAysnpuy AaTjeA Mog 


sjefo1g—a]euoneuiajul 
adueisisse,| inod epeuey-o1leag uoNeIodi0D 410, “BuReMS}Og 


UOIZUTYSe MA 
—uoreqoidde ‘sya8pnq ‘sadeAoA—aitwioD 410, ‘ssey ‘u0}sog 


€Z ‘6-81 “p91 ‘apnig ‘aluisnpul ‘saul 
(epeue) 

JO uotje1o0ssy siadojaaaq pur s1019adso1g) urlYy ‘uIssog 

LULE “WUeWe}japua,p OneY 

6-87:LE ‘PussayjIp “OIpAH “O'g 15 
AWIOUINY JIMOg I[[IAvuUOg 

LE ‘S-pZ:§ ‘apnia ‘sadinossai 1a SaAiaSaI ‘3]O11Ig 
(g19190s “pry [IO AysNH) atwes ‘arelg 


11:07 ‘1O7J ‘aateajonu airpiqesuodsay 
€1:07 ‘Alzisnpul ‘aireg;onu arts1auq 
b-11:07 
*9861-L86] [ediourid iaspnq ‘sadinossay 129 SauT|, ‘dId190Uq 
Z-1 1:07 ‘anbruzoje a1819ua,] ap 3010s ap UOISSTUWO7) 
(11TH spaig—sediuutm—dN) Id ‘Peg 


pl ‘ZL:ZE ‘Uauexe ‘anbrwouode ‘airesyonu arsiaug 
6b ‘I P'€b ‘6861-8861 
tI ‘1-01-07 ‘8861-L861 
edisurid yaspnq ‘sadinossay 1a saul ‘aIs1auq 
(anbru0ie © 
I1B1IIUI,| IP IJOIJUOD AP UOISSTUTWIOD) IIaQOY ‘uaNqyde|g 


87Z:6E ‘932 ‘a}19eded ‘synod ‘yafo1g 
pay] O1pAH J9ATY YIeIg 
xNoUTUINIIG Safqges 470, ‘auInzig 
sa]qejaanoual saisi0ugq 470A ‘assewolg 


Sa[qejaanoual saisiaUg 10, ‘aiBssua0Ig 


Ly ‘@-1h ‘8-91°€7 ‘apnia ‘alqisnpul ‘saul 
(LAWNV9D 
INS 9ISIUIW NP [eUOTIeU JLIeI[NSUOD [IasuOD) puRlOY ‘uBUIZIIg 
saw] ‘epeued np enbrwoje ais1eugq issn 4104 
81 ‘“b-E1 “S-bb7 
‘8861-L861 [edisutid 1a3pnq ‘sadinossay 1a saul ‘als1euq 
(sa1wTy] ‘epeued np enbiwoje a181auq) [Iseg ‘neajaueg 


p-€l ‘T1:Sp ‘ertegjonu ardsiaug 
G-pZ ‘S-pL:Sp ‘eo1twiIy] ‘epeued np anbruoie algiaug 
S-pZ ‘S-€1 ‘IT: 
‘6861-8861 [edioulid 1a3pnq ‘sadinossay 1a saul ‘atsiauq 
(asq-AayjeA Iase1j— 4g) ssoy ‘saysjag 
6€ ‘S-bE “L-ETET ‘apnia ‘sadinossal 13 SaAtasa1 ‘3]O118g 
(sadinosay epeuey ooexay) ‘q yer ‘uojeag 


6-82 ‘P-€Z:ZE ‘UawIexa ‘anbiwiou0da ‘aireayonu a1s138Ug 
Cr ‘€-7r-€b ‘6861-8861 
8-L7Z:07 “8861-L861 
yedisurid ya8pnq ‘sadinossay 1a saul, ‘aI319Uq 
(anbrw0ie at819ua,] ap a]OI1U0d ap uOISssTUIWIOZ)) UYOS ‘areag 


IW—Aiio0yINy JaMog I ]1AgUUOg 470, ‘olpAH “Og 


Or ‘8E ‘9-07:8E ‘UIWIexe ‘anbrwoUOde ‘alIeg]INU aIs18Uq 
(o11e1UQ-oO1pAH) pay ‘kajazeg 
sayerjuaj—uorjeqoidde ‘siaspnq 
‘saseAOA—OUWIOZ 410A ‘dATBQTINU 9[e.13U9d “4UO ‘EMEIEg 
eSce 
‘S-0Z ‘L-I1 ‘8:Zp ‘UauIexa ‘anbiwiouodea ‘ailvajoInu aisiaug 
(uoneiodi0) santyuy eipy-suellL) pg ‘Aareg 


€€-62 ‘€-7Z ‘ZL:E] ‘UONedonN1ed ‘saoinosay epeues odexa] 
8L:e1 ‘sanbsry 
6-8L-br “AuOUUe ‘91101210 
TE-€T 
‘ainjua, yaloid a] dane uOsteredwod ‘suolIpuod ‘a8e104 
61:61 ‘dSad 2] 1ed suotnuaaqns ‘juawaoueuly 
€7 ‘OT ‘O-€ET ‘sapmag 
uoneiojdxa ‘zes 3a ajollag 
$331095) ap dueg 
6-LC-L1 
‘8861-L861 Tedioutid ya3pnq ‘sadinossay 1a sauTp ‘a1s1auq 
(sadInossay sap 
19 SOUT Sap ‘a1d19Uq,] Ap asaistulw) ydyey ‘sayEg 


€-ZE:Sz ‘apnie ‘og6] Januure 110dde.1 ‘epeuey-onag 
(a1esUT] [IM] —AaapueH—J) a310ayH ‘1ayeg 


SAOUNOSSAA LA SANIW ‘AISUANGA 


jUSWIaSINOGUIaY—OLIEIUQ-OIPAY 10,4 *XOITIAA 2 YIOIGeY 


DUDIG a4arT 
‘g[eost] BWAOJaY -attIsnpul ‘afOiljeg ‘Sajiag—nuaaai aj Ins 
1Od wy ‘1se3 np uorssaiddns ‘/g6] aiquiaidas 6 np uorIsi9aq 
—UOTeUIUIIBIEp ‘“FNO ‘sluepsyaxy—]einieu ZeL) 1ssND 410A 
suIOWa] 470A ‘SadeusIOUal ‘siuviUasaIday 
epeueg np aiatjo1ed uorjeri0ssy 


TEVEZ “918 ‘SaIIATINV “UOTIVIID 
EpeuLD JO SaIPIUNWWOD SUIUT, P[O JO UOTZEIIOSSY 


IO] ‘aitvayonu aiipiqesuodsay ‘a1ejos s1s18uq 
—sajqejaanouai saisieug ‘uonesydun ‘uawauseanony 
—alsnput ‘aitesjonu aigieugq ‘uoTiISsOg 
Ja UONeWAOJUJ—dI[gng—artegjonu atsieug ‘adesodanug 
—uonsad ‘saregjonu sjaysaq ‘salve, 72 uananUY 

—allegjonu inaisea1 ‘AQQNVO ‘Ssedrpueddy issnp 410A 

6:PE ‘BATIVJUeSIIday 

suIOWa] 470A “Sadeusiowia) ‘siuejuasaiday 

(ONY) uUsIpeued aileapsnuU UOT}EIDOSSY 


Te'€TZ ‘Nall ‘a[januue UOIsiAsy 
SUIOWA] 420A “advUsIOUIA} ‘JULJUESIIdIy 
EpeuUeD Np a1gIUIW UOTJEIDOSSY 


sure 1g01d 
‘SaAT}Ipero.e SUOTIOW—alLIsnpul ‘uoTidadsoid ‘xneiaw 
12 xneIgUI] 470A *99GaNH Np sinajzdedsoid sap uoIeIDOSSy 


Jayoue]|g—xlig 
—10 10A °10,p Sddtajonpoid saztpedistunu sap uoned0ssy 


“a9 
‘u0l}eIOAUOD ‘UOTINIedWOD—SUIOWE |—aIIWIOD 1sSND 110A 
suIOWa] “10,4 “‘Sedeusiowd) ‘sjuRjUasaIday 

SUUIIPEULD J1QIUUOGILYD UOIZeIDOSSY 


suajug ‘x1id 39 SaydIeW ‘JainieU ZEN 410A 
‘sanbiwiyd sjinpoid ap sjuvdiigej Sap auUuaTpeued UOTEIDOSSY 


uonesneatg—Auedwoy 1431] 2 1amog Aeuajo0y 
San ‘uoNdopy—io7y ‘aitesjonu airljiqesuodsay 1ssnD 110A 
suIOWAa] 470A ‘sadeusiowa) ‘siueiuassiday 
67 ‘8-LI ‘ZI ‘S-P:LE “O18 “JepueWw ‘uOneeaID 
9}191.1399]9,| 2p FUUaIpeULdD UOT}EIDOSSW 
auuaadoina afeneds aduesy 4104 “ASV 
juasIY 470A ‘IIUaSIV 
"O-'N UL ‘ueAmadiyy 1104 4704 *xneaeis ‘asejquadiy 
br-6€ ‘9€-67 
‘QZ-SI ‘01-9:6¢ ‘UaWexe ‘anbimOUOde ‘aiTeg[INU aIsIaUy 
(jeuoTeUIaU] SaIeIOSsy a1OWUSSeg) plAeg ‘ansiy 


aay ‘epeuey np anbiwoie aisiauy 410, ‘aurjuesisy 


C$-p7:Z ‘SPYdIAYIEI “NUuajUuod “STuUsSsIY 
quas.1Vy 


6-LUZZ ‘seduanbasuos “aia ‘anbyrjod ‘uonsdnpoid ‘ajoreg 
L711 ‘uorsnyye ‘anbritjod ‘stup-sie1g 
aypnors aiqeiy 


LE-61-WSZ 
‘grreurutjaid uonesesep “HM ‘Jaddoy ‘epeue)-o1nieg 
€Z7-Z1-WSp ‘elowaw ‘agit ‘epeued np anbrwmoje a1s10uq 
azin¢g—saaipueddy 


Le-U:Wre ‘allows ‘auuatIpeued aileajInu UOTIeIDOSSY 
sadipueddy 


sadueUuly 
—uonedidu ‘juawau1sAnoH—etisnpul ‘aiteeyonu 
s1d19Uq 420A *yUIWINDIOP ‘DpyUYD np aaivajonu auwupys$0sd 
ND [DAapaf Juamausaanos np aarouvutf j4oddv,) ap niaady 


sjaloig—a]euoneusaiul 
goueisisse,] Inod epeuey-o1ag uoNeI0d105D 410, *saT[WUY 


919190S “EpUuvION ‘asIpInyy 
WI] Us UOTISNQWOD 470A *SUOISSIW ‘xnaInj[ns apLipAyuy 


91-S:b ‘L861-9861 e1teyuauatddns ja3png 
Sl‘bP ‘6861-8861 
67 ‘L-97 ‘b-1 1:61 ‘8861-L861 
jediourid yaspng 
sadinossay 19 Saul ‘aIs18Uq 
81-6h 
‘apnia ‘110ddei ‘jneiynsuod a11wW0D ‘anbiies1aua asduanyuoy 
(sadinossay sap 
12 SAT Sap ‘aId19Ug,] ap 21Q}STUIWI) 2310aH ‘uos1apuy 
JUUDIPEULD IITEITINU UONLIDOSSY 4104 ‘ONW 
aJO—ieyIy— pr] WNnejoNeg ew0g ‘N12 
‘UOT}BIOAUOD ‘UOTINIedWOD—sUIOWS | —9IIWIOD 28ND 410A 
6-81:SZ 
‘gqueploul ‘Nqd ‘UOINpal ‘epeued ne sjuawmassnsaauy] 
pr] Auedwo9 wnajo.1jag epeued ooowy 


O€:LI ‘61h ‘uOtiIsod ‘Treaen np aeuoNneuUsaiul uOTesTUezIO 
CELI -61:bT “Saidaye siipais ‘aouejay 
SI-p] ‘euUaprIour “JuawWassiiusey 
d1Isnpu] 
9-SE:LI ‘07-611 ‘enbuijod ‘yuaureuraanoy 
OE:LI ‘6I:p1 ‘UOTIIsOd ‘Kouasp u0NI210Ig JDJUaWIUOMAUT 
aURIWY 


saT[NUY—Sialo1g—o[PuoNeUsaiul IdueISISse, | 
Inod epeur)-o1jag uoNeI0di09) 0, ‘aune, anbirguy 


sluf-sie1q xne suoneiiodxy 
—J]2IN}eU ZED 410A (WHOY) UOEIDOssy sey uvdawy 


sjafoig—siuaeumauuorstaoidde ‘ajonag 1ssnD 110A 
CI O-€ET -1E-71 
‘uonedionied ‘sasinosay epeued ooexay 19 epeuey j[nH 
bl ‘Z1€1 ‘suontpuos ‘uoneitojdxg 
jofoad ‘yesipnewy 
apens—uoneqoidde 
‘sjadpnq ‘saseAoA—aiIWi0ZD 410A *3SeNGC,] ep ausewarly 
S1:07 ‘8Z:p ‘suotsisgad ‘gpao0i1g 
97-€£ 
‘uonisod ‘suoneiodiog sap 19 uOTIeUTWIOSUOD Fk] ap a1TWIOD 
UOTJVIPEAIL ‘SJUSWIITY 


Sa]qejaAnoudal SaIsiaUq 410, *S[OOITY 

Sep ‘xne} ‘uUsWapuaY 
SB) [BAN{EN BRAAq TY 

plosdy—e11aqQ TV 1SSND 410A 

O€-€7 ‘VAN UassIday 

SUIOWI] 470A ‘“adeUsIOUII} ‘JURUaSaIday 
sad.inosay JO Jaquivy) e12q;y 


SAduNOSSAU LA SANIW ‘AIONANA Ce 


uartpeues surwieis0id 
‘yuaWaseInosua ‘Inayea ua ast 1a UOTIvIO[dxa 
‘7e3 12 a]OMag ‘satjanuaiod sasinos—siusauauuoTsIAoidde 
‘g]O1ag ‘ailj1qejuay—adIAlas-suoleiS—epeuey 
-O118g !Xlig—aouassy ‘neasay—aild111991q 1991 410A 
Lip ‘g119eded ‘sarauyyes ‘ajoneg 
€-7E:6¢E ‘AUaUTWIW anbuijog 
6:7 “apnig 
Z1:6€ ‘Se1XIW SaduaIpny 
syize} 1a yaruaiod ‘ayayjered uoNeisuas no agaiid ats1auq 
januajog—sayqejaanoual ~ 
saigieug 410A “AIVISIUIW ‘sadINOSsay 12 als1aUq 
“ -o-pzi6e ‘uoNeNis ‘auualjoa a1siaug 
SZ:Zp ‘aduRSSIOID ap xneI ‘aisi0Uugq 
LiZp ‘a01nos © 
L-SU:Zp “UsUIASSI|QeI9 “X11g 
6:7 ‘SINOD 
8-9:%p ‘adreyD 
9914199] 
P10Z ‘UOIsNITe ‘siInod sap yUatWAaIANODaI ‘satUIeIZOId  ~ 
‘sanbijasi1aua SadINOSsal Sap UONLAIASUOD BP UOISSTUIWIOD 
01-6:7p ‘ase1ua.Inod ‘sauuaIpeued Sartasay 
OL:Zp ‘uoneiodi0,) sain eipy-suely ap 
sulueIsO1d ‘je19 US astulal ‘suIeiia} ‘UOTIBIIO]dxg 
uoqieyy 
Litp ‘auoedes 1a aiqwion 
IZ-81 ‘8:7 ‘UONeIOdI0D sant eBipy-suelL 
red a1} apnia ‘uosieredwi0d ‘sinod ‘saitegjInu sayesjUad Iq 
b-1Z ‘1L:Zp ‘sewsou ‘sanbisaydsoune suoisstwq 
uogieyd ne sayeruay 
1-0€:€7 ‘a1WOD Np 1ayjaI13 np saidne iodaq 
ZEET ‘Sadinosay JO Jaquieyy eileq]V,| 
sed asodoid juaumndop ‘iatuiw iuawaddojanap ap pi0sdV 


B10q TV 


Cl:Lp ‘Qvuanor ayy red aisoddei i1ej ‘saino 
Sap 1U9WI9I9A91 J] INOd UOTIIeIIXa ‘SagUIWIE]UOD Sayd0Y 


9791908 ‘OOTY 
anbrwioje a1319ua,| ap syeuoTIeUraIUI adUasY 4704 “WAIW 


a1319U9a,| ap ayeuoTIvUIaIUI adUasY 470A ‘ALY 


6-LZ:LI ‘SasejuRar ‘suoTINgisjUOds ‘epeuRD 
RZ:L] ‘SUOUITPUODS ‘UOISIy PY 


(qSV) euudedoinsa ajeneds aduasy 


asesodaijuq—uonsas 

‘sarieajonu siaysaq ‘saiyiqesuodsay—anbrwoie ats1aua,| 
IP a]O11UOD ap UOISSIUIWIOD ‘siaYydIq—|1Se1g 18ND 410A 
C-bZ:6Z ‘Saasoduil SUOTIDIIISAI ‘SaIqua|\ 
867 ‘epueur ‘;e1daeds [earl ap adnoiyH 
Z-17:ZE *87Z (LOZ “SUOTINGII2U05 ‘epeue) 


(WALV) enbiwo3e a18.19u9,] ap s[vuoljeUta}UI adUasY 


suoliejiodxy—a]onag ‘aydiaysay—iuawiadejduwias 
ap saigiauq ‘asesodaijuqy—uonsas ‘saiteajanu 
$}aydaq ‘UOISIAIG—epruey Np saydiayse1 ap ;euoneu 
[lasuoz ‘sayerjuad 14¥—uUOgIeYD Ne SajesUaD 1SsND 110A 
1-07:6 ‘SuOTIDesURI] 
€-ZE ‘OT 6:6 *XNBIAIN 
b-ET:ZT *L-91 “O1-6:6 ‘UOTENIS “epeury 
$4901 
ajing—aouasin,p adviied ap awaisksS 


a11N§ —""aIB19Ua,| IP apeuoreusazul suasy 


1-0Z:61 “SuoIstdaid ‘stessq 
17-61 *p-€Z ‘S-p1 ‘I-01 “8-L:6 ‘WUaWeuUONdUO} 1a }dasu0D 
aduasin,p aseiied ap auraisks 
6-81 ‘9:6 ‘[eI90s adaig 
07Z-61°6 “919 “Naty “UOTIVIOAUOS ‘SuOIUNsY 
7-17:6 ‘sitoddei ‘saiquiawi uou 1q 
L:6 ‘Sjuewesesugq 
saiquiaw skeg 
91:6 ‘S19e1U0d ‘1Sq,] ap Skeg 
9-S1:6 ‘Suat] ‘ajomed ap sinajei10dxa sked sap uonestuesi9 
L-9:6 ‘Sjuauewiad sadnoin 
91:6 ‘SuOsTel ‘uOISN]Oxa ‘adueI4 
I€ ‘6-87Z:6 ‘WUauedueUl{ 
8-LZ ‘7-17-61 *L-9:6 ‘A101 12 syTidalqo ‘uoNeII_D 
8-9€ ‘S-PE “Z-1€ ‘6-LZ ‘61 “OT ‘9:6 ‘UONedIonIed ‘epeueD 
(QV) s1819u9,| ap ajeuonjeusajzul sduasy 
sayei1juad y—uoqieys 
ne Saje1qUusay 4704 (NAY) dleapanu a1819uU9,| ap aduasy 


Soul 
— usuladdojaaap ap 310A ua skeg ‘sauisq—anbixayy 
‘SOIQWMIW ‘UONIISIUIWIPL, p [IasuoOD—2]euUONeUII}UI 
aourisisse.| Inod epeury-o1ag uoNeI0dI0D issn 110A 
6-87:€7 “epueW 
(IGOY) [vuorneussjui uswaddojasap ap auuatpeued aouasy 
UOTIEIDOSSY SEH ULITIAaWY 4104 "YOY 


a1jnog—epeue)-onag ‘uonrioduy 
—aarurw uawedinby—saulp 4710, ‘png np anbiayy 


suIOWA] 470A ‘SaseuUsIOUIa) ‘sjuRiuasaiday 
IIDISTUILU “SIINITII}XI SIITEISY 


IITVI]INU J1d19Ud,| Ap BdUasW 410A ‘NAV 


UOTILIISIUIWIPY ‘epeuedy NP Saii2} Sap zes 1a ajoNeg 1017jd 
410A ‘epeuvsd np $aii9} Sap zes np ja ajo.1j0d Np uonessIUIUpY 


IISNpul ‘ZeS 1a 3]ONag ‘almisnpul 
‘sauTJ ‘otlisnpul ‘uondedsoid ‘xneiau ja xnvigUI| 
‘u01je110]dx4—10,p sourm “q-"N ‘Ysno1ogsAny 1851 110A 
8-LTZ ‘9-S:9] ‘aAIsnjoxa uONedI}dde ‘inaisas ‘sadinossay 
O€-67 ‘17:91 *1-O€:ST “€-ZZ:€ ‘suOIssnosaday 
b-ET bb “ET ‘8-9:9]1 ‘UOTINTOAa ‘saTsay 
67:9] ‘UOWATeY apnia,] & UOISN]Te 19 SIN|1dej ‘aIANAO UA asIW 
PTS] ‘UoTiIsOd ‘amsiuTy; 
67:9] ‘INaivjnsaioine awistursayy 
01-6 ‘S-b:91 ‘uortsod 
‘epeuey jo uoneldossy sisdojaaaq pure si0idedsoig 
SZ “€T-9T -b-€7 “B-OT-ST ‘9iISsadgu “uslUIeYW 
67 “L7€7Z 
‘uontsod ‘aiyedistunw “uC ‘ayxv] 101] q ‘}uawassis1e]q 
€-7Z ‘81ST “NOD 
OZ:LZ ‘9-P7:9]1 ‘UONeIyTISsNl 1a sanbii1419 “idaauo0D 
07-47 
‘L-91 ‘6-8:9] ‘Soouanbasuos ‘51a ‘suoledyTpow ‘uoTT}OGQY 
dWWLIZOId ‘SaaIjIpatade SUOTIIIV 


C-pI:LI “91a ‘suoster ‘uoleaIzD 
]reael1} ap ednoid ‘ayooiq1ays u0TIYy 


931911192]9,] ap BUUaIpeUedD UOTIEIDOSSY 4104 “ADV 
Jeuoneuisiul juawWaddojaaap ap auuUaIpeued aduasy 4104 "IGOV 


Ze8 12 BJO1I9g 410A “3S9NQ,| IP p10ddV 


SAOUNOSSAY LA SANIW ‘AIDNANA 


_ 
rarecgny ys my ists be eirieiaieariane vane - 


iwi inte con ORRICIET 
Ae ¥ Lie Levi y¥ ure i TY ne cavetREE Ds CO ‘Et iYte? 


4 a. 
7 in ——— eins pas 7 


_— 


‘6¢'5 ‘07 AI 
SpJ ‘IT A Le J OL IP ET 8 “7 “sal $9] 
‘OP'S °ST ASH S61 A ph OL Ah SUL A -7h's OL Al 
‘Thy'J “67 19 OT SOL TP OL FI OP'S “p A165 “7 AT 
‘6€J ‘Ol FI 
‘6ES 17 FI 
—886I— 
“SEF OL ALES ST A 9E5 7 SES IO HES “ol AT 
“EES OL A-ZES BI ALES 81 Al -O€ 5 “pA -675 “€ AI 
"67S $1199 82] 
87 67 ALT “LI L975 “OT I 
‘975 07 I 
‘97S ‘OE FI S7J S719 BI II 6 ‘7 SAI 
“CTS 87 39 97 SPT HZJ 19 EZ TZ A --77J “61 AZ “EL AL 07S “TI AL 61S *S Al 
"STS OE ALIS “67 39 87 SAL OTS ST STS HL AL PLS 6 19 L 89] 
PLS TE ELS “v7 19 LI SOL ZLS OL A115 S$ AL -O1Y “€ Al 
“6561 BJ Ol ALS 'S Al 
“LS 97 AL 9S 77 19 IT $9] 
—L86I— 
‘OS IL 19 b S28] CJ 7 AL'S “sol I 
‘PELE AES PT A781 39 LI SALTS “pl 
Led 121 
—986I— 


SATNODSVA La SALVG 


FAMNALVISIONT ANAISIONUL-ALNAUL ‘NOISSAS ANAIXNAG 


THIOIAO NGNAA ALdINOOD 


SANNINIWO) Sd AAGINVHD WT Ad INANVNWAdd ALTINOO 


XHANI 


:a1quia}dag 


‘une 
RW 
‘SIR 
SJOIIAI 


JOIAUeL 


:21QUI999q 


:QIQUIZAON 


12190190 


aiquia}dag 


NOV 
suing 
IRA] 

[HAV 

SIRI 

‘IO1IAIJ 


‘JolAuee 


:3.1qW299q 


!2.1QUI9AON 


:2190190 


Hn GESTS |p — euler pr yuq — PypENNy ohycbowrye.n 


reve: _ os iis cas : sas 
a aa | PUPS LF iene comeatienis ie — 
mie ft) © be vig 2 Vil -thice > urajio 
re 4 ari rAd 7 ap) Ov ee wT AgWwe, 
, 
) o_o 
Nice Pes Ce ‘Ws Giwie usr 
ae oar nanan irene atl : . 
a Atty athe . ON) ? é d » 
‘Cer a] full uw y "a vit 
#07 (Cy ? i“ « 
Vi ie reas j 4 eivij 
v t wa ie p@ 
f Que % « 2 ii O) 1) Commas ‘ ‘ Mb { vi 
ny ih cs *: py mA ¢ >a ‘ oe ' 
Li rs inh rt AG . 
5 v° ' ‘4 * an bs Lia it ane vhhei ‘ 
(ir@ra« — oT] 
i] | ie 
ir 
' 
; TT : 
pniay | ial Ma! aoe ie 60.01) e } a TU 
: fer Sans pre aang qn Cerra | | 
° 7 
Memnilye tris OCIr wie BLSACe Digerati) ae ciuiynage 
» 7 _ id 


cpa" | Af a 
CORO RS MANES —tanee aes) 
7 . 7 
pronine spay | wat 


Se Zak ae 
: . 


7 
: ; we foe ar cpr vines id 
ee oe Seay te 10 pidgin " 


Ara ae: hon ine _ 


ee 2 
Tian ; | - 
SUIS” CHE UiGiswdes Lom shh 
‘ ( —~ ‘ous hisieaanaie & : 4 
mov it ONEDY LEP EL LVeCiGhta 
ens 1a 


pave GF ft 
: URED he os | 


SP9L-766—S[OUUOTIPpe s}UdUIZUSIeSUaI Op spueweap 
93N0} Inod $9IUI19JI1 39 XIPU],| IP UOISIAIP &] B JISSIIPL,S 


‘juepusdgpul [eJ9qIT] — ‘puy J ‘uepusodopul — ‘puy ‘onbyesoowsp nied nesanon, 
— dN ‘4no}eAIIsUuod d)SISSIIZOIg — Od ‘[ei9qiyT — J :sanbnijod suonelyjsy 


‘UOT}OW = "J “BPOIIV="JVy ‘UsWEpuswWe="WY ‘soIpusdde=y 


:SJUBAINS Sa] JUOS SOAO|AUID sajOqUIAS 1d SUOIJRIADIQR SIT 


oijne un e 919J91d 
ailegjonu aisi9uq Jojnjd 4104 ‘anbiui0ze 318100q yofns-3.} 


a eee 
QUIQISAS ‘JI}D9T[OO VBRJJNeYD Issnvd 4104 anbiiqni one 


SI-v: LL Spe: ‘suorsniypy 93199 snos 
91W194}095)———9p Jog? jaIns 


SUuOI}e}10dxq—uosSIOd 4104 *B1I9BIN 


"11e1) Buc] un Jed sonbipur 
JUOS 91}IJ-SNOS UN & SIOAUSI SOT ‘SIOAUDI sap 93J0dWOd |I,nb sd1ed 9sSI01D YIP 189 XOpUl.T 


"919 ‘QIIWOD Ud S3}JOA ‘SUIOWD] ‘JUSWII[SIyY 39 DINPI901g {IOAUII BP 21PIO) 
‘saoipuoddy :onb sa} xneioeds sinajdiiosap sap juapueWIWOd s0uRJOdUII.p sjofns suTe}I99 


soded op soNnoiosey 
ey op sosguinu 
| 
tee alee 
6-P:L7 “LOL ‘sguanoy———Jaynonqied yofns 
9[BS uossiod np uaIpeues 99143 Q——___P:19u93 j0{ns 


‘s9X0[dWId UONeXOpUI.p 9poyjaW eB] I1}sSNI{II JUBAINS o[dWIdx9, J 


[€-1L ‘s94ysed 
(JOALI 9989g—9B109H 2dULIg—JDd) “A ‘W ‘9149q9 


Le:E1 ‘onbytoeg 
soysed 


“UONPULIOJUL| B SIDR] JOI[IOeJ op Ulye sanbiiqni xnap say snos 
aieredde ynod souaigjo1 anbeyD ‘sojnoiosej sap soiguinu saj onb swaguU ap sei3 soigjORIeO 
us 39 onbnoqeydye ipso sed s}lJOsul JUOS ‘s}URUdAID}UI Sap suIOU sa] anb Isule ‘sjafns sa] 


“SA TNOIOSVA LA SALVQ? 2-100 9] snos sasreurutjoid sased say suep s91i0jJodaJ JUOS 9}1WI09 


NP SIOULYS SOP SOSUBIOUID} 19 XNLGIIA-S9d01d Sd] JUBUD}UOD Sa[NoIOsvJ Sap SOJDUINU $9] 19 SaTep 
SI] “QHWIOD 99 Op sadURIS Sap SIO] SUOISSNOSIP ap jafqo,| J1ej JURAL sjafns sa] JIANOD XOPUl 19D) 


qHAOVSN.T dd AGIND 


6SO VIM Bpeued ‘emeno ‘epeued sadIAlag 6SO VIM eBpeura ‘emenoO ‘epeuRd sadiAlag jo sjuswouuoIsIAoiddy 
pue Ajddng ‘onusd sulysiqng jUaWUIOAOH URIPeURD oY} WoL s[qQEIIeAY ‘epeued Np JUsWoeUIaANOS Np UONIpe,p 91]U9D :a}U9A Ug 


‘RpeULD JOJ JOIULIg s,usaN~ IY} ‘epeues 2] Inod sulay ev] op anawiidwy| sed sounwwos 
Aq SuOWWOD Jo sno} 24} JO JayRadg ay) Jo AjOYyINEe JopuN poysiqng sop dQUIeYy> Pk] IP Woplsolg NP 91JOINe| ap gWIJOJUOD Ua s[qQNg 


MOLIUdS BILgIEg :djUIPIsaig 


J1NILISISIT] o€€ UOISS9S 57 8861-9861 © HT soll SaINOIOSB 


SHUNQUAINOD SAd WAN VHO 


SIIINOSSII SOP 19 SOUIM Sop ‘9IS1OUT.'T 


4d LNYNVWdadd ALINOO 


nd 


780 


ad 


= ae ce 


iy = ae 


9 1989 


ia ee Nie 
ae oS : 
ti 


ruapaeaaliagie aha 


Veheny 


bat yl 
mite Anh eek 


Dae set 
ue wi) aig 
cGy 
ae 
pet ay int Ai 

ip 


int 
itt 


Ba 
aa i 
a 


it ae ates ny 


iat ig kiddo 


Pest 


\ 
BAMGn 
on cut 


cue 
ns 
HONS 
Caen 
Hsia 
aoe le 

We ate 


ih ‘i » ia 


fat 
a 
i Av 
ee 


Hon 
i 
: 


HB 


es 


Mh seni 
aban 
Hi 


bee 
vey Ni 


faite tee 


sie et 


(Was 


— 


vn 


{Aye 
Mops MAY AN 


ie! RY tha p iN 
As Hid Tra 
a rn Wa Viiv 
Wadls bh fered 
Silt Peat 
DOI a oy 
! Rie ont 
a 


it 
Gn, as 
He Revie ORY 
e Tentateay Ue 
Harti 


ie We na 
yee b Ne 
Baie eal 


AN 


ws 


aie 


\$ vet it hs 


OE Bo EN ATS Uae SE 
Renshy 


vat 


Hint nisin 
eieecta areata rte 


Weed Ay 


4 a SANS 


At fe i Hitae 


nhmete 
ni ribet 


art 
ebatiiaye Way 


at 
hed 


ae 
Ratha i ne 
a ale 


te h 
aah a 


A ea ff 
mat 
Aho’ 


ma 


\ 
Sees ert 
benctits ih ee 

ii me a fate Aaah 
a cin ths y i 


mi shih ah ets 


vind 
p at 


" 
boats 
Neth d 


: an 


it ay i 
a 


wr ry 8 
ant 1g 
stititite 


ith 


i ns cane cu an che 


Ava 


eee 
le Bi 


au Tah ws 
cla ae he 
ne rer 


H, 


cae 


Aled 


inet 
Ra 


Ml 


} ih 
a 
2 
a a 
ai Wat 
i i ih 


ial tata gh 
ie on 


Ns 


ay a 


4 


: aan 


Me Ah ‘i 
: cS i Wy oi 


Hyeen nee? Fria HH 
ay vali 
a as 
ne 
ote 
co i Ai 
ards 


kt a 
despre ay 
Tait ? a ff) naa 
han ue bis flats Neh 
UR it ae 


a. : 


ia 


! (eit i 
pi 
Maid ae - Neat ue 
ihe ite 


ra os 
ae fe ne 


UT] atin 
aa et 
bent ath 


Dae) a 
tite 


Ae 


Me 


beek 
Nin stn tabs es 
ere nore ak ai 
Cosrearqiv 

‘ate 1 
vee 


Th) 
oe ac 


a ‘ 


; a He 


dee habit fie 

regia! 

oe Leis 
Tee ath 


at 

ey 
sya 

en — bine 

Hy h a 


M3 with 


7 Hee o 
TSG i) natal eke 
hae ith pat, 
alae 


i pie i 
iy 
a 


Ah 


HAND iy 
: a ae cae 
AeA ee a a 

Ay lett 


util 
ith it 


tr iti 
Wi 


nt 
ay ‘ 
satiadl yh 


dake 
ae wal 


a iss tie 
My Ns nn i 


ee i 
ah 4 ue, % hi 
bed Houta rhea Yh nately 
fi te Ht ee 5 { 
i 


ea Ul HN 
fae Pacaued 


ie 
pale a3 16) 
te tia? 


ni 


AN Py 


ie 


Kistag WC payin lle 
f al hia 
Miaatat aie 
Ihotitands 


ai) Hatheresty et hyde 
Ge my Se tat 
4 nT 
Meee alld 
Aliph reupaet 
h U 
isa ott 


ne stil 


be Mati 
iM) 


elegy vy hy 
ct ti ye uw 
fre veh 


Ble 


at 


ir 
Phe 
Ne ig td keene 


AST 
slate 
init 

yeatery 
Hy taeey 4 


sie 
ad ste Ms i 
wet 

ey avatar 
Bat Wiy 
se 
weed 


he ne 
Peds ny 


NAGE 
Lees 


ya i 


nabs ayy 


nals rite 


Hat 4 ‘ 
iy rae iy 
at polls wh 
ihe inlbey tg 


hr Lita 


iat 
te 


vine ( 


Bae ce 


Shey Heed! 
Ns ue ‘ 


ae 


a 


Wanye 


th AS 
ith Aa ey 


i PVs hh 
:) 
| oh 


i 
Aspucdle nr 
A Waa ak Ne 


sear 
syky 


au 
tM 


Atty Hes eae = 
ei yeh Eine as 


iievtebyeilh 
f i 
te siete aaa 


shiv) 


hbhctir peta ee! 
Cie or 
Wie Vy 


Ayal Ny 


a tt 


UssavaND 
He iy ey 


oa 
Wet) 


ain 
3 NO RLRE ite 
SV bt 


iy whe aH 8 


Pata ye 
agli ua 
jh tine 


meet f 
Wiese 
uP Ae ony ie ua i 
a RuR 


aie 


\y bay, ri tt 
t by 2 


es 


yale 
Tad 
wer oy 


hoa as 


Lauter) Hedy andes 
oe aveuw nol a 


Ne A wh csnie 


we vente 


er icontal ret 


re 
inline 
ANALG Pusan ighay 


y 
TP rae hie 
Wy 


DV YVEY ob BID 
Uidiwessrvans beast 


aan veg) d Ne 


Air Crh died Vy 
‘ 4 


geht 

DARA OUUI 

ni DeR SA  Ae, 
Hei DNA 
a 


yass 


jo pea ibeansdine 


NEE DY UE 


ey 


vinibne erie 


wiv 


HMe Wp¥ nA Dod ANY 
POM eS RAR 
hives 
ap dlind 


Hee bn Berle 


Veit Meat 


vine 


Ura) qh 


sett in! 
CUS ates oRe eta Mala sernwabiany Ac! 


ct taeahe nad viva POR LORE Dy 


RUMEN S 


yt Nhare 
ite Paes Wyaiata- ie 
tinted wn elk 


ry/ Hip We 
tia 

pay My gmere 

Oy rly site 


Keay Wed i NE 


i TAT 


BO “He 


vedleuee 


ih v 
NUNS Widydiee 
Wimp edo Nabe 

sMinrhvysbare 
Hb Wk tee ey 


Weta tute Mitr uN eth 


hes Ror 
A 


ia i 
Nie 


Nal seit 
wile 
seus) 


Rainy 


‘ 4h Aa Vo 


nl 


4“ 
Nine 

Hah cat 

Ap 
nN 

pata 


ts 


, 
Punic 
a Nira 
espn 


eA 


ue 
eat 
Vint oun te 
Ayub Age UE AS 
* i 


i 


Rater ac rtts 
Uy Mohd 


"4 
She 
i 
, 
pA tba HHA 
aia vies My 
Neehat tasty sy 


‘ 

Maine) 

MIU Li 
Pie 


ip 
ot Ay 4 
iy Ruy dah 
Sup Tuner! 
¥ 


Ws 
Ihe inka 


ft 
aah eat 
Hyg Par Manan! 4 
PULTE Vay 


eat hu 
ita 


way VES 


Wnts pave 1 


Mitihinac 


Tiel reat me 
Pluie heathen 


a} 
rlipeby ieile 
Ue iG cy Painy Sutil 


a cavanilnteres 
fib COLUM E ad BA Mk 
Wnts 
WONdvers 
Une i" 4 
Moron i t 
ean ane 


Hse 
sip edinghy via 
linueon 


hit 


typ bi Bt totes 
hy ae wa hag " vin} 
4 


+4) 


Nneeuy Gully 
Pita byt A fitiyiter pik ad nye Vee 


Chraexiebytatied 
MI piscine 


( 
Wak pn 


revel tay rant 


i) ac 


lupe 


al Hae 


eee 
Cuny 


SUAS Py tee} 


Wy OEE: 


ey de 
Wine 


Ne Heit 


{ 
ennai) 


tik Mb 


fy ye near 


Mine Vy ht 
Nba AMER CR Abate 
yxy 


Gigante ote 
Cerreure ia on 


a tpg anen 
vey den 


